Neurorehabilitation in dementia on the move : Influences of physical activity on cognition, mood, and the rest-activity rhythm by Eggermont, L.H.P.
NEUROREHABILITATION IN DEMENTIA ON THE MOVE
Influences of physical activity on cognition, mood, and the 
rest-activity rhythm
Laura Eggermont
Promotiecommissie: prof.dr. J.M. Bouma
prof.dr. T. Mulder
prof.dr. M. Olde-Rikkert
prof.dr. P. Cuijpers
prof.dr. Ph. Scheltens
prof.dr. F. Verhey
Paranimfen: Sanneke Koekkoek
Roosmarijn Eggink
ISBN: 978 90 8659 164 0
Cover design by MediaMonks B.V. (info@mediamonks.com)
Layout by Pascal Mellema (pascalmellema@hotmail.com)
Printed by Print Partners Ipskamp B.V.
Printing costs of this dissertation were funded by the VU University, 
the Internationale Stichting voor Alzheimer Onderzoek (ISAO), and 
Alzheimer Nederland
The studies presented in this dissertation were funded by Fontis 
Amsterdam, and Alzheimer Nederland
© L.H.P. Eggermont 2007,
all rights reserved.
VRIJE UNIVERSITEIT
NEUROREHABILITATION IN DEMENTIA ON THE MOVE
Influences of physical activity on cognition, mood, and the 
rest-activity rhythm
ACADEMISCH PROEFSCHRIFT
ter verkrijging van de graad Doctor aan
de Vrije Universiteit Amsterdam,
op gezag van de rector magnificus,
prof.dr. L.M. Bouter,
in het openbaar te verdedigen
ten overstaan van de promotiecommissie
van de faculteit der Psychologie en Pedagogiek
op vrijdag 21 december 2007 om 10.45 uur
in de aula van de universiteit,
De Boelelaan 1105
door
Laura Henriëtte Philomène Eggermont
geboren te Leiderdorp 
promotoren: prof.dr. E.J.A. Scherder
prof.dr. D.F. Swaab
Voor Peter,
de liefste broer ooit,
bij wie je niet kon zijn zonder te hoeven lachen

7Contents
CHAPTER 1 Introduction_____________________________________9
CHAPTER 2 Exercise, cognition and Alzheimer's disease: 
More is not necessarily better __________________ 23
CHAPTER 3 Physical activity and behavior in dementia: 
A review of the literature and implications for 
psychosocial intervention in primary care ________ 41
CHAPTER 4 Ambulatory but sedentary. Impact on the 
rest-activity rhythm and cognition in nursing 
home residents with dementia __________________ 57
CHAPTER 5 Walking with a rollator and the level of physical 
intensity in adults 75 years of age or older ______ 69
CHAPTER 6 Walking the line. A randomized controlled trial 
on the effects of walking on cognition in nursing 
home residents with moderate dementia ________ 77
CHAPTER 7 Do hand motor-activity, cognition, mood and 
the rest-activity rhythm go hand-in-hand? 
A clustered randomized trial in nursing home 
residents with dementia________________________ 95
CHAPTER 8 Observation of hand movements by older 
people with dementia and the effect on 
cognition. A pilot study _______________________ 113
CHAPTER 9 Summary and general Discussion ______________ 127
Nederlandse samenvatting (summary in Dutch) _______________ 139
References_________________________________________________ 147
Dankwoord (Acknowledgements), List of publications, 
About the author ___________________________________________ 179
8Contents
C
H
A
P
T
E
R
INTRODUCTION
10
C
h
a
p
te
r 
1
Chapter 1
SUBTYPES OF DEMENTIA
The aging of the population has become a worldwide phenomenon, which has resulted
in the increased prevalence of age-related neurocognitive decline and dementia. The
worldwide occurrence of dementia in 2000 was estimated at about 25 million persons
(Wimo, Winblad, Aguero-Torres, & Von Strauss, 2003). An increase of 38 million
persons is expected for the next 30 years and the prediction indicates an expected
population of 114 million persons with dementia in 2050 (Wimo et al., 2003).
Dementia is an umbrella term used to describe a collection of symptoms, or a syn-
drome, associated with different subtypes of dementia. The most frequent subtype is
Alzheimer’s disease (AD), and prevalence of AD increases with age, i.e. 5% to 7% at
age 65 to 74, and approximately 40% for those of 85 years and older (Rubin, 2006).
The second most prevalent subtype of dementia is vascular dementia (VaD) (Román,
2003), accounting for 15.8% of dementia cases according to a meta-analysis of
European studies (Fratiglioni et al., 2000). Unfortunately, in these studies, varying
criteria for VaD were used (Fratiglioni et al., 2000). Most studies did not involve post-
mortem studies, which precludes the diagnosis of ‘definite’ VaD (Chui et al., 1992).
The third major subtype of dementia is dementia with Lewy bodies (DLB). Prevalence
of DLB is 10-15% (McKeith et al., 1996). DLB closely resembles Parkinson’s disease
(PD), and neuropathological criteria to distinguish between the two are currently
lacking (Grossman, Bergmann, & Parker, 2006). Another major subtype of dementia is
frontotemporal dementia (FTD) (Grossman et al., 2006), which is a common cause of
early-onset dementia (Ratnavalli, Brayne, Dawson, & Hodges, 2002). Prevalence varies
from 3.6 per 100.000 people (age range 45-64 years) to 15 cases per 100.000 people
(age range 50-59) (Neary, Snowden, & Mann, 2005). 
The present thesis focuses on older people with dementia living in a nursing
home. Unfortunately, in nursing homes, specific diagnoses of dementia subtype are
often lacking (Nygaard & Ruths, 2003), and a final diagnosis of the various subtypes is
only possible by autopsy (Dickson, 2001). For the present thesis, therefore, similarities
in neuropathology of the major subtypes are of particular interest. In fact, a large pro-
portion of patients of the four main subtypes of dementia indeed show overlapping
neuropathology, e.g. vascular brain pathology (Bastos Leite, Scheltens, & Barkhof,
2004). Especially in the very old, neuropathology in dementia frequently involves small
infarcts (Rastas et al., 2007). Particularly the two main subtypes of dementia, i.e. AD
and VaD, show similar cerebrovascular disease (O’Brien, 2006). Within the scope of
the present thesis, it is important to briefly summarize the neuropathological features
of the four major subtypes of dementia, and shed light on the overlapping neuropatho-
logical characteristics, in particular concerning the presence of cerebrovascular
disease. 
Finally, different subtypes of dementia share risk factors such as the presence
of the Apolipoprotein epsilon4 (ApoE4) allele, which appears to predispose to AD
(Smith, 2000), to be associated with FTD, LDB (Smith, 2000) and vascular disease
(Finch, 2005). In the present thesis, the four major subtypes of dementia will be dis-
cussed concerning the most prominent clinical features, and the underlying neuropa-
thology with a focus on cerebrovascular pathology, and the role of ApoE4.
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ALZHEIMER’S DISEASE
CLINICAL FEATURES
The frequently used  ‘National Institute of Neurological and Communicative Diseases
and Stroke/Alzheimer's Disease and Related Disorders Association’ (NINCDS-ADRDA)
criteria for a definition of Alzheimer’s disease (AD) distinguish 3 possible diagnoses:
‘definite’ AD, ‘probable’ AD, and ‘possible AD’ (McKhann et al., 1984). A diagnosis of
‘definite’ AD can only be made post-mortem by means of an autopsy or biopsy
(McKhann et al., 1984). The most characteristic clinical feature of AD is a slowly pro-
gressive decline of memory, with an insidious onset (Forstl & Kurz, 1999; Grossman et
al., 2006). Instrumental signs such as aphasia, apraxia, and agnosia are commonplace
and other cognitive function impairments include impaired judgement, executive dys-
function, and disorientation (Blennow, De Leon, & Zetterberg, 2006). Next to the cog-
nitive impairment, AD is characterized by the even more disabling behavioral
disturbances that frequently accompany the AD process (Haley, 1997), among which
apathy and depression (Lyketsos et al., 2002). In addition, disruptive behavior, partic-
ularly wandering, agitation and delusions are common throughout the disease course
of AD (Holtzer et al., 2003). It is often not the cognitive impairment that leads to insti-
tutionalization but rather the disruptive behavior that causes unbearable caregiver
distress (Craig, Mirakhur, Hart, McIlroy, & Passmore, 2005) and hence nursing home
placement (De Vugt et al., 2005).
NEUROPATHOLOGY
The characteristic lesions in AD are amyloid plaques and neurofibrillary tangles,
together with a degeneration of neurons and synapses (Blennow et al., 2006). Amyloid
plaques are intercellular abnormal deposits of the amyloid protein and neurofibrillary
tangles are composed of abnormally hyperphosphorylated tau protein within a cell,
compromising neuronal function (Bastos Leite et al., 2004). Plaques and tangles are
predominantly located in the temporal and parietal lobes, and follow a pre-determined
course enabling  neuropathological staging (Braak & Braak, 1991). Neurofibrillary
tangles first develop in the transenthorinal cortex, then in the entorhinal cortex, hip-
pocampus, other limbic structures and then in the neocortex (Braak & Braak, 1991).
Other important neuropathological hallmarks of AD are brain atrophy in the
cortical frontal, temporal, parietal, and occipital lobes and diminished brain metabolism
(Swaab et al., 2002). A decrease in cerebral metabolism precedes AD-related neuropa-
thology and the loss of neurological function (Sullivan & Brown, 2005). In fact,
decreased metabolism and other neuropathological changes in AD, such as amyloid
plaques, are independent processes (Salehi & Swaab, 1999). Atrophy of the hippoc-
ampus has already been reported in a very early stage of AD, i.e. before clinical
symptoms are noticeable (Fox et al., 1996). Some examples of brain areas that are
known for neuronal loss are the frontal cortex, the middle temporal cortex, the entorhi-
nal cortex, the hippocampus and the locus coeruleus (Sullivan & Brown, 2005; Swaab
et al., 2002).
Subcortical areas that are severely affected in AD are for instance areas that are
part of the basal forebrain, e.g. the nucleus basalis of Meynert (NBM), which in turn,
results in diminished metabolism, atrophy and in loss of the large cholinergic neurons
(Salehi, Dubelaar, Mulder, & Swaab, 1998; Swaab et al., 2002; Wenk, 2003). The
basal forebrain has strong connections to the cerebral cortex (Wenk, 2003), and to the
hypothalamus, e.g. the suprachiasmatic nucleus (SCN) (Madeira, Pereira, Silva,
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Cadete-Leite, Paula-Barbosa, 2004). In addition, brain areas such as the locus coer-
uleus, dorsal raphe nucleus and the pedunculopontine tegmental nucleus are also
affected in AD (Braak et al., 1996).
Cerebrovascular pathology
Increasing evidence points at a vascular basis for AD. Besides the similar risk factors
for cardiovascular disease and AD, among which hypertension, atherosclerosis and
diabetes (De La Torre, 2002a), evidence from AD mice models and reports on severe
reduction in cerebral blood flow (CBF) affirm the contribution of vascular factors to AD
(Iadecola, 2004). Further support for this notion are the abnormalities in the brain
microvascular system that are frequently reported in AD (Farkas & Luiten, 2001). Dys-
functional blood vessels can contribute to cognitive dysfunction by impairing nutrient
transport to neurons and by reducing amyloid-β (Aβ) clearance from the brain (Iade-
cola, 2004). Indeed, the relationship between Aβ deposition and cerebrovascular
disease may lead to a vicious circle in AD pathology: while Aβ produces cerebrovascu-
lar dysregulation and an increase in the susceptibility of the brain to cerebral ischemia,
ischemia in turn stimulates the amyloid precursor protein (App) and Aβ cleavage (Iade-
cola, 2004). Aβ-induced cerebrovascular dysfunction might also reduce blood flow
sufficiently to produce ischemic injury (Iadecola, 2004). The subcortical white matter
is highly susceptible to infarction due to disturbance of cerebrovascular autoregulation,
which provides an explanation for the frequently observed white matter infarcts in AD
(Barber et al., 1999).
Another important feature of AD is the formation of cerebral amyloid angiopathy
(CAA) which constitutes a combination of pathology typical for AD (amyloid) and
vascular pathology (angiopathy). CAA results from the deposition of protein, among
which App, in the cerebral blood vessel walls (Castellani, Smith, Perry, & Friedland,
2004). CAA can lead to ischemia and hemorrhage, which aggravates the course of AD
(Castellani et al., 2004). 
Although there is growing support for the notion that vascular factors are not to
be overlooked in AD, the concomitant cerebrovascular disease is difficult to reconcile
with the earlier mentioned NINCDS-ADRDA criteria to clinically diagnose AD (Blennow
et al., 2006).
APOE4
AD encompasses two different forms, i.e. the familial and the sporadic variant
(Blennow et al., 2006). Based on neuropathological findings (Prohovnic et al., 2006), it
remains uncertain whether these two disorders actually do constitute one homoge-
neous entity, or whether they are separate diseases (Blennow et al., 2006). The
familial variant of AD often shows a presenile onset (< 65 years old) and is an autoso-
mal dominant disorder (Goate et al., 1991), caused by either a mutation in the App
gene on chromosome 21 (Goate et al., 1991) or mutations in presenilin 1 (PSEN1) or
preselinin2 (PSEN2) genes. In case of sporadic AD, only one gene is known as a signif-
icant risk factor, i.e. the ApoE4 allele (Corder et al., 1993). More specifically, the
ApoE4 genotype increases the risk of AD by 3 times in heterozygotes and by 15 times
in homozygotes (Farrer et al., 1997). Converging evidence shows that the ApoE4 allele
modifies the age of onset of the disease by almost 10 years (Corder et al., 1993).
ApoE4 genotype is accompanied by a diminished neuronal metabolism in the NBM in
AD (Salehi et al., 1998), that is already present in control ApoE4 carriers without AD
(Dubelaar et al., 2004). Some studies also suggest a stronger disease progression in
ApoE4 carriers (Craft et al., 1998; Ohm, Scharnagl, Marz, & Bohl, 1999), but results
13
C
h
a
p
te
r 1
Introduction
of more recent studies are inconsistent (Kleiman et al., 2006; Lam et al., 2006).
Notably, ApoE4 is also a risk factor for CAA in AD (Premkumar, Cohen, Hedera, Fried-
land, & Kalaria, 1996).
VASCULAR DEMENTIA
CLINICAL FEATURES
The onset of vascular dementia (VaD) can be both sudden and gradual, the progression
can be slow or with stepwise fluctuations (Román, 2003). Clinical features of VaD
constitute psychomotor slowness, executive dysfunctioning, forgetfulness and alter-
ations in speech and gait (Román, 2003). Unlike the typical early and severe memory
deficit in AD, memory in VaD may only be mildly affected (Geldmacher & Whitehouse,
1996), and in subcortical VaD retrieval is more impaired than recognition (Cummings,
1994). Other typical characteristics of VaD patients are impaired information process-
ing speed (Almkvist, 2003), presence of depression, emotional lability, incontinence,
somatic symptoms (Román et al., 1993) and apathy (Cummings, 1994). 
NEUROPATHOLOGY
VaD results from cerebrovascular disease, i.e. ischemic stroke or hemorrhage, as well
as from hypoperfusive ischemic injury (Román, 2002). Hemorrhage can be the result
of for instance hypertension or CAA and ischemia may result from cardiovascular and
circulatory disorders (Román, 2002). Not surprisingly, VaD compiles several clinical
syndromes (Román et al., 2002), among which multi-infarct dementia, strategic infarct
dementia, cerebral hemorrhage and the most prevalent subtype of VaD, i.e. subcortical
ischemic vascular dementia (SIVD) (Román et al., 2002). Dementia in SIVD is caused
by ischemic injury, which includes both complete infarction (lacunar infarcts and
microinfarcts) and incomplete infarction of deep cerebral white matter (Román, 2002).
White matter lesions can be divided into periventricular and intracortical white matter
lesions; presence of the former particularly compromising cognition (De Groot et al.,
2002). Although the categorization of subtypes of VaD (Román, Erkinjuntti, Wallin,
Pantoni, & Chui, 2002) is well recognized, other criteria have been reported that
emphasize the heterogeneousness of VaD, i.e. according to some VaD diagnostic
criteria (Loeb & Meyer, 2000), a clinical stroke needs to be part of a patient’s medical
history, whereas other criteria disagree (Knopman et al., 2003). For the final diagnosis
of VaD one should exclude AD neuropathology, and an autopsy is thus necessary
(Chui et al., 1992). It should be noted that VaD without AD neuropathology is rela-
tively rare (Holmes, Cairns, Lantos, & Mann, 1999).
Cerebrovascular pathology
As the name implies, the common causal element in VaD is cerebrovascular disease.
The main risk factors of VaD are advanced age, hypertension, diabetes, smoking,
hyperhomocysteinemia, and hyperfibrinogenemia, (Román et al., 2002). The presence
of hypertension particularly increases the risk of VaD (Posner et al., 2002). Hyperten-
sion and other cardiovascular risk factors can lead to arteriosclerosis which, in turn,
can cause cerebral infarction (Román et al., 2002). Other conditions that can result in
cerebral hypoperfusion are risk factors for VaD as well, among which obstructive sleep
apnoea, congestive heart failure, cardiac arrhythmias, and orthostatic hypotension
(Román, 2005).
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APOE4
Although there is ample evidence for ApoE4 being a risk factor for coronary artery
disease (Agah et al., 2005), coronary heart disease (Song, Stampfer, & Liu, 2004),
hypertension (Uusitupa, Sarkkinen, Kervinen, & Kesaniemi, 1994), atherosclerosis
(Foley, 2005) and diabetes (Baum et al., 2006), all in itself risk factors for VaD (Román
et al., 2002), results of studies linking VaD to ApoE4 have been inconsistent (Baum et
al., 2006; Hsiung, Sadovnick, & Feldman, 2004; Orsitto et al., 2007). Nonetheless,
ApoE4 carriers exhibit significantly lower resting CBF compared with individuals not
harboring the ApoE4 allele (Scarmeas, Habeck, Stern, & Anderson, 2003), again
however, results have been conflicting (Liu et al., 2006).
DEMENTIA WITH LEWY BODIES
CLINICAL FEATURES
Cardinal features of dementia with Lewy bodies (DLB) are progressive cognitive
decline, prominent memory impairment, attentional deficits, visual spatial impairment
and executive dysfunction (McKeith et al., 1996). Other core features include fluctuat-
ing cognition (delirium), recurrent visual hallucinations that are particularly vivid and
colorful, and spontaneous Parkinsonism, with the exception of tremor (Bastos Leite et
al., 2004; McKeith et al., 1996). In addition, depression and Rapid Eye Movement
(REM) sleep disorder and autonomic dysfunction are frequently noted in DLB patients
(Neef & Walling, 2006). Unfortunately, the consensus criteria for a DLB diagnosis
(McKeith et al., 1996) have shown a low sensitivity and high specificity, which indi-
cates that DLB is being underdiagnosed (Buracchio, Arvanitakis, & Gorbien, 2005).
NEUROPATHOLOGY
For a DLB diagnosis, presence of brainstem and cortical Lewy bodies is essential
(Bastos Leite et al., 2004). Other neuropathological features reported in DLB are Lewy-
related neurites, AD pathology, and spongiform changes (McKeith et al., 1996). The
presence of both Lewy bodies and amyloid plaques with deficiencies in both acetylcho-
line and dopamine neurotransmitter systems, suggests that LBD represents the middle
of a disease spectrum ranging from AD to PD (Neef & Walling, 2006). Lewy bodies are
located in the subcortical and cortical areas of the brain especially in the frontotempo-
ral regions, in combination with cortical amyloid plaques (McKeith et al., 2004). 
Cerebrovascular pathology
Studies measuring reduction in cerebral perfusion in DLB patients reveal mainly frontal
lobe hypoperfusion compared with AD patients (Defebvre et al., 1999; Kasama,
Tachibana, Kawabata, & Yoshikawa, 2005). In addition, besides hypoperfusion in the
lateral parietal and temporal regions and the precuneus (Mito et al., 2005; Shimizu et
al., 2005), marked hypoperfusion in the occipital regions has been reported in DLB
(Ceravolo et al., 2003; Hanyu et al., 2006; Shimizu et al., 2005). Next to the pro-
nounced hypoperfusion, an increase in cerebral perfusion in the striatal area was
found, possibly as the result of compensation related to the decreasing striatal dopam-
inergic input from the substantia nigra (Firbank, Burn, McKeith, & O’Brien, 2005).
White matter abnormalities have been reported in the parietal, frontal and occipital
regions (Bozzali et al., 2005), but results have been inconsistent. More specifically,
presence of white matter hyperintensities (WMH) did not differ between controls in
one study (Burton, McKeith, Burn, Firbank, & O’Brien, 2006), whereas significantly
more WMH were found in another (Barber et al., 1999). Nonetheless, people with DLB
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frequently present with neurocardiovascular instability, such as orthostatic hypoten-
sion (Kenny, Kalaria, & Ballard, 2002), which in turn, has been associated with
increased WMH (Ballard et al., 2000). 
However, a post-mortem study did not find ischemic stroke or hemorrhages in
DLB, and cognitive dysfunction appeared to be independent from vascular pathology
(Jellinger, 2003). In contrast, another post-mortem study revealed that grossly identi-
fied hemorrhages are more common in DLB because of trauma, while microinfarcts are
less common (Isojima et al., 2006).
APOE4
Although not many studies investigated the possible increased risk of DLB in ApoE4
carriers, some studies show that ApoE4 genotype indeed predisposes to DLB (Borroni
et al., 2006; Singleton et al., 2002) and reduces survival rate in DLB (Singleton et al.,
2002). Notably, in AD, the presence of Lewy bodies seems to be particularly associ-
ated with the ApoE4 allele (Tsuang et al., 2005).
FRONTOTEMPORAL DEMENTIA
CLINICAL FEATURES
A group of related frontotemporal neurodegenerative disturbances has been labelled
frontotemporal dementia (FTD) or frontotemporal lobe degeneration (FTLD) (Neary et
al., 2005). The familial form of FTD is mentioned as Parkinsonism linked to chromo-
some 17 (Spillantini & Goedert, 2000). FTLD is subdivided into three main syndromes
(Neary et al., 1998): frontal variant of FTD (fvFTD), progressive nonfluent aphasia
(PNA), and semantic dementia (SD), also known as the temporal variant of FTD
(tvFTD) (Neary et al., 1998). The clinical syndromes of FTLD predominantly have a
presenile onset (Neary et al., 1998). The most common clinical manifestation of fvFTD
is a profound alteration in personality and social conduct, including inertia, loss of voli-
tion, stereotypical behavior, social disinhibition, emotional blunting and distractibility,
with relative preservation of memory function (Hodges, 2001; Neary et al., 1998).
Cognitive impairment involves particularly executive dysfunction such as deficits in
attention, planning and problem solving, whereas language, perception and spatial
functions are relatively intact (Neary et al., 1998). A recent study confirms that fvFTD
is particularly characterized by apathy, stereotypic behavior and executive dysfunction
(McMurtray et al., 2006).
The other prototypic clinical syndromes of FTLD present with different clinical
features. PNA is a disorder of particularly expressive language, including effortful
speech production, phonological and grammatical errors and word retrieval problems.
Behavioral changes, e.g. disinhibition, may occur in later stages of the disease (Neary
et al., 1998). Spontaneous speech is the most clinically salient variable differentiating
between PNA and SD (Knibb, Kipps, & Hodges, 2006). SD is characterized by a severe
naming and word comprehension impairment. In contrast with PNA, speech is fluent,
effortless and grammatically sound in SD (Neary et al., 1998). On a theoretical level,
converging evidence suggests that semantic dementia constitutes a distinct syndrome,
in which cognitive dysfunction can be explained by a single underlying deficit in
category knowledge (Knibb et al., 2006).
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NEUROPATHOLOGY
The neuropathological basis of FTLD has not been described in great depth until
recently (Knibb et al., 2006). The pathology of FTLD is heterogeneous, but common
features include neuronal loss and spongiform changes (Bastos Leite et al., 2004).
Another important type of histological change includes astrocytic gliosis with or
without the presence of ballooned cells and inclusion bodies (Bastos Leite et al.,
2004). FTLD pathology can also be subdivided into those with aggregation of tau
protein and those without (Knibb et al., 2006). A neuropathological hallmark of FTLD
is asymmetric atrophy, e.g. SD is characterized by inferolateral and anterior temporal
atrophy of the left hemisphere, and in PNA, left frontal atrophy and atrophy in the peri-
sylvian structures have been reported (Bastos Leite et al., 2004).
Cerebrovascular pathology
Support for a vascular involvement in the pathogenesis of FTLD comes from several
studies revealing a marked cerebral hypoperfusion in the affected regions (frontal and
temporal areas) (Diehl-Schmid et al., 2007; Du et al., 2006; Hodges, 2001). In fvFTD,
the exact location of hypoperfusion in frontal and temporal areas seems to be depen-
dent on the behavioral features, such as inertia and disinhibition (Le Ber et al., 2006).
Further evidence for vascular involvement stems from another study, in which degen-
erating astrocytes in FTD were inversely correlated with cerebral perfusion (Martin,
Craft, Su, Kim, & Cotman, 2001). Since astrocytes have been shown to degenerate in
response to hypoxia and ischemia, it is speculatively suggested that the reduced
cerebral perfusion has a causal role in disease progression via ischemic or hypoxic
insult (Martin et al., 2001). Immunoreactivity to a pro-apoptotic protein in blood
vessels, i.e. localized to endothelial cells, lends further support to the presence of a
cerebrovascular component in the pathology of FTD (Nichol, Kim, & Cotman, 2001).
Finally, white matter changes are already present in an early stage of both fvFTD and
tvFTD (Borroni et al., 2007).
APOE4
Possession of the ApoE4 allele has shown to increase the risk for FTLD in some
studies (Fabre et al., 2001; Gustafson, Abrahamson, Grubb, Nilsson, & Fex, 1997)
though this claim has not generally been substantiated (Engelborghs et al., 2003;
Geschwind, Karrim, Nelson, & Miller, 1998; Kowalska et al., 2001; Nielsen, Ravid,
Kamphorst, Jørgensen, 2003). Certain tau alleles in combination with the ApoE4 allele
do appear to increase the risk for FTD (Ingelson et al., 2001). Also in FTLD not associ-
ated with tau gene mutations, presence of the ApoE4 allele doubled the risk for the
disease, but this association was restricted to men (Srinivasan et al., 2006).
Nonetheless, among FTLD patients, the ApoE4 carriers were associated with
right ventral striatal atrophy (Boccardi et al., 2004), a larger increase of ventricular
volume (Wahlund, Julin, Lannfelt, Lindqvist, & Svensson, 1999) and more aggressive
behavior (Engelborghs et al., 2006). FTLD constitutes a heterogeneous group and it is
possible that ApoE4 allele frequency is increased in subgroups that fall under this cate-
gorical umbrella. Indeed, presence of the ApoE4 allele is more often reported in tvFTD,
than in fvFTD (Rosso et al., 2002). Although an explanation for this different associa-
tion is lacking, the effect of the ApoE4 allele on the predominance of temporal lobe
atrophy compared with frontal atrophy was also found in AD (Geroldi et al., 1999). 
In sum, although the four major subtypes of dementia show different clinical
manifestations and specific neuropathology, some neuropathological features are
similar. Cerebrovascular disease contributes to the neuropathological process in espe-
cially the two major subtypes of dementia, AD and VaD. Nonetheless, all four major
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subtypes of dementia show cerebral hypoperfusion and WMH. All in all, although
people with dementia comprise a very heterogeneous group, diminished cerebral
metabolism and neuronal and cerebrovascular disorders are overlapping. 
PHYSICAL ACTIVITY
For a better management of AD and the slowing down of the disease progression,
treatment for the vascular elements in AD has been suggested, (Kalaria, 2000). In
view of the shared cerebrovascular pathology, diminished metabolism and atrophy in
all four subtypes of dementia, a possible treatment strategy could be particularly aimed
at reducing this vascular component. A treatment strategy directed at more than one
subtype of dementia may very well be physical activity, considering its positive influ-
ence on cerebral perfusion (Critchley, Corfield, Chandler, Mathias, & Dolan, 2000) and
its role in the prevention of stroke (Oczkowski, 2005), among others. The positive
effects of physical activity on brain structure and function will be described below. 
NEUROBIOLOGY OF PHYSICAL ACTIVITY
In animal experimental studies, various neurobiological mechanisms have been
reported to be involved in the positive effects of exercise on the brain. Molecular
factors, such as neurotransmitters and neurotrophins associated with brain plasticity
are upregulated during exercise. More specifically, the release of serotonin and acetyl-
choline is stimulated in rats by exercise (Churchill et al., 2002; Nakajima, Uchida,
Suzuki, Hotta, & Aikawa, 2003). Similarly, after wheel running, levels of Nerve
Growth Factor (NGF) (Ang, Wong, Moochhala, & Ng, 2003) and Fibroblast Growth
Factor (FGF) (Gómez-Pinilla, Dao, & So, 1997) are elevated in rats and levels of Brain
Derived Neurotrophic Factor (BDNF) are increased in the rat hippocampus (Berchtold,
Kesslak, & Cotman, 2002; Neeper, Gómez-Pinilla, Choi, & Cotman, 1995). In addition,
Insulin-like Growth Factor (IGF-1) is involved in the favorable effects of exercise on the
rat brain (Carro, Nunez, Busiguina, & Torres-Aleman, 2000) as well. This release of
neurotrophins activates brain plasticity, as it stimulates synaptic development and
plasticity (Lu & Chow, 1999). Neurogenesis, i.e. formation of new neurons and neuron
proliferation, in response to voluntary wheel running has been shown in the hippocam-
pal dentate gyrus in rats (Redila & Christie, 2006) and mice (Van Praag, Kempermann,
& Gage, 1999). 
Another favorable effect of physical activity reported in animal experimental
studies is angiogenesis, the growth of new capillaries from pre-existing vessels
(Churchill et al., 2002). Levels of Vascular Endothelial Growth Factor (VEGF) are
enhanced in rats as a result of treadmill running, providing one reason for the positive
effects of exercise on the brain’s vasculature (Ding et al., 2006). Physical activity
leads to angiogenesis and hence improved cerebral perfusion and stimulation of the
growth of capillary vessels feeding the cortex (Ding et al., 2006; Swain et al., 2003).
Angiogenesis in rats occurs after exercise in the cerebellar cortex (Black, Isaacs,
Anderson, Alcantara, & Greenough, 1990), primary motor cortex (Swain et al., 2003)
and striatum (Ding et al., 2004). The brain vascular system in animal experimental
studies has proven to be highly plastic, to respond well to exercise and therefore offers
a plausible strategy to increase brain vascularization and hence blood flow (Churchill et
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al., 2002). The positive effect of exercise on human brain structure and function is
reflected in the close relationship between level of physical activity and risk for demen-
tia.
PHYSICAL ACTIVITY AND AGING
There is ample evidence in human that there is a strong association between higher
levels of physical activity and decreased risk for dementia (Fratiglioni, Paillard-Borg, &
Winblad, 2004; Larson et al., 2006; Rovio et al., 2005). Physical intervention studies
in healthy older individuals show increased brain volume (Colcombe et al., 2006) and a
positive effect on cognition, in particular on executive function (EF) (Colcombe &
Kramer, 2003). This is of important clinical relevance since EF plays a vital role in the
independency of people (Barrington & Yoder-Wise, 2006). 
Physical activity intervention studies that focus on cognition and include older
people with dementia are however scanty. A meta-analysis using broad outcome vari-
ables, focusing on physiological and behavioral end points, included 11 studies (Heyn,
Abreu, & Ottenbacher, 2004). Results indicate a positive effect of physical activity
programs in older people with dementia on physical fitness, physical function, cogni-
tive function and positive behavior (Heyn et al., 2004). Unfortunately, potential moder-
ators were not examined and EF measurements were not included in any of the
studies. 
PHYSICAL ACTIVITY AND THE APOLIPOPROTEIN EPSILON 4 ALLELE
The potentially moderating influence of the Apolipoprotein epsilon4 (ApoE4) genotype
on the effects of physical activity on cognition is intriguing, but at present, results of
studies have not been consistent. In one study, a significant relationship between
physical activity and dementia was only found in persons that did not carry an ApoE4
allele (Podewils et al., 2005). It was suggested that any potential benefit associated
with physical activity is not enough to overcome the deleterious effect of an ApoE4
allele on the brain (Podewils et al., 2005). In contrast, other studies showed a positive
relationship between physical activity and cognition only in ApoE4 carriers (Etnier et
al., 2007; Rovio et al., 2005; Schuit, Feskens, Launer, & Kromhout, 2001). A possible
explanation for this association could be that ApoE4 carriers have less effective neural
protection and repair mechanisms (Mahley & Rall, 2000), and therefore may rely more
on lifestyle-related factors to protect against dementia (Rovio et al., 2005). Taken
together, results of studies concerning the moderating role of the presence of an
ApoE4 allele on the effects of physical activity on cognition have been inconsistent.
Possible explanations for these conflicting findings include differences in experimental
design, different assessment of physical activity, sample size, and the dichotomy of
ApoE4 carriers versus ApoE4 non-carriers (Etnier et a., 2007; Podewils et al., 2005).
All in all, whether the presence of an ApoE4 allele moderates the effect of physical
activity on cognition is uncertain, and will be addressed in the present thesis.
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OUTLINE OF THIS THESIS
The primary focus of this thesis is to examine the effects of different forms of physical
activity on cognition in older nursing home residents with dementia. Since behavioral
problems, among which symptoms of depression and rest-activity rhythm disturbances
can be extremely disabling for people with dementia and increase caregiver distress
(Burke & Morgenlander, 1999), the effects of physical activity on mood and the rest-
activity rhythm will be investigated as well. The thesis is divided into two sections: a
‘review’ section and a ‘clinical’ section, the latter presents the results of clinical inter-
vention studies on the effects of different forms of physical activity.
1. REVIEW SECTION
Chapter 2 reviews the role of cerebral perfusion in the effects of physical activity on
cognition. It is described how physical activity increases cerebral perfusion, and how
this is mediated by nitric oxide (NO) and tissue-type plasminogen activator (t-PA). Fur-
thermore, the role of NO and t-PA in the pathophysiology of AD is elaborated and the-
oretical implications are made concerning exercise in people with AD. Furthermore,
clinical studies in older people with dementia that examine the effects of physical
activity programs on cognition are presented. Chapter 3 reviews clinical intervention
studies in people with dementia investigating the effects of physical activity on behav-
ior, more specifically on mood, sleep, and functional ability. Disruptive behavior in
dementia, e.g. depression, agitation, rest-activity disturbances, and impairment in daily
life activities cause increased caregiver distress and hence lead to institutionalization.
The effects of the physical activity programs offered to the people with dementia are
presented in light of the possible indirect effects on the caregiver burden. Finally, sug-
gestions are made to optimize physical activity programs in order to improve disruptive
behavior in dementia.
2. CLINICAL SECTION
Chapter 4 discusses the frequency of rest-activity rhythm disturbances in older people
with dementia and the positive association between physical activity and the rest-
activity rhythm. Nursing home residents with dementia, a group of people particularly
that often present with disturbances of the rest-activity rhythm, show varying levels of
physical activity, even when they are ambulatory. It is investigated whether there is a
difference between ‘active’ and ‘sedentary’ older ambulatory nursing home residents
with dementia concerning their rest-activity rhythm and cognitive functioning. Chapter
5 describes a study in people of advanced older age that use a rollator during their
daily activities. It has been reported in healthy older people that increased aerobic
fitness (as a result of brisk walking) is effective in improving cognition, especially exec-
utive function. Since people of an advanced age frequently make use of a rollator, the
exact intensity of this activity is examined to determine whether it is sufficient to
improve aerobic fitness. Chapter 6 focuses on walking as an intervention to benefit
cognition. Epidemiological studies reveal that walking is positively associated with cog-
nition. In animal experimental studies, wheel running benefits brain function through
neurogenesis, synaptogenesis and angiogenesis. It is investigated whether a walking
intervention has a beneficial effect on cognition in older nursing home residents with
dementia, and whether the ApoE genotype moderates a possible effect. Chapter 7
presents data on the impact of hand motor activity on cognition, mood, and the rest-
activity rhythm in older nursing home residents with dementia. Performing hand move-
ments is a seated activity that may be suitable for a large part of nursing home resi-
dents with dementia. The execution of hand movements may lead to activation of
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neurons in several brain areas that are involved in cognition, mood, and the rest-
activity rhythm. Chapter 8 discusses a pilot study which investigates the effects of the
observation of hand motor activity on cognition in older nursing home residents with
dementia. It has been reported become activated. This type of intervention, watching
videos, is easily applicable. Chapter 9 contains the general discussion of the current
thesis. A summary of the different chapters is provided. Suggestions for future
research, clinical implications and some overall conclusions and recommendations are
presented.
REVIEW SECTION
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MORE IS NOT NECESSARILY BETTER
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ABSTRACT
Regional hypoperfusion, associated with a reduction in cerebral metabolism, is a
hallmark of Alzheimer’s disease (AD) and contributes to cognitive decline. Cerebral
perfusion and hence cognition can be enhanced by exercise. The present review
describes first how the effects of exercise on cerebral perfusion in AD are mediated by
nitric oxide (NO) and tissue-type plasminogen activator, the release of which is regu-
lated by NO. A conclusion of clinical relevance is that exercise may not be beneficial
for the cognitive functioning of all people with dementia if cardiovascular risk factors
are present.
The extent to which cardiovascular risk factors play a role in the selection of
older people with dementia in clinical studies will be addressed in the second part of
the review in which the effects of exercise on cognition are presented. Only eight
relevant studies were found in the literature, emphasizing the paucity of studies in this
field. Positive effects of exercise on cognition were reported in seven studies, including
two that excluded and two that included patients with cardiovascular risk factors.
These findings suggest that cardiovascular risk factors do not necessarily undo the
beneficial effects of exercise on cognition in cognitively impaired people. Further
research is called for, in view of the limitations of the clinical studies reviewed here.
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INTRODUCTION
In the elderly population, there is a strong relationship between the level of physical
activity and cognition (Fratiglioni, Paillard-Borg, & Winblad, 2004; Van Gelder et al.,
2004). The key question whether this relationship is causal, however remains to be
answered (Fratiglioni et al., 2004). For example, a period of decreased physical activity
that precedes the onset of dementia could be either the cause of the dementia or be
the result of the prodromal cognitive impairment (Fratiglioni et al., 2004). One way to
answer the question about the causality is to perform intervention studies. 
In a recent meta-analysis of physical intervention studies, Colcombe and Kramer
(2003) provide convincing evidence that aerobic fitness training in older persons
improves cognitive functioning, especially executive-control processes. Although the
magnitude of the effects varied, a beneficial impact of aerobic exercise training was
found in general, independent of type, duration, or intensity of physical activity. Of the
18 intervention studies they considered, only two (Palleschi et al., 1996; Powell,
1974) examined the effects of such training on a group of older persons with cognitive
impairment. In other words, persons with dementia receive little attention in physical
exercise studies. Studies that do include older people with dementia tend to deal with
the effects of exercise on functional mobility (MacRae et al., 1996; Teri et al., 1998)
or sleep (Alessi, Yoon, Schnelle, Al Samarrai, & Cruise, 1999; Namazi, Zadorozny, &
Gwinnup, 1995) rather than on cognition. This is the more remarkable since cognition
is most vulnerable in older persons with dementia. One goal of the present article is
therefore to review the few clinical studies that have examined the influence of
exercise on cognition in this population. 
Literature searches were performed in Pubmed, Web of Science, PsycINFO, and
BioMed Central. In view of the small number of intervention studies concerning the
effects of physical activity on cognition in people with dementia, all studies in this field
were included irrespective of the aetiology of the cognitive impairment and year of
publication. The key words used in the search included physical activity, exercise,
fitness training, aerobic, physical therapy in combination with cognition, cognitive
function, cognitive functioning neuropsychological, memory, executive functioning.
These key words were combined with the following words dementia, demented,
Alzheimer’s disease, nursing home residents, cognitive impairment, cognitively
impaired, mild cognitive impairment, memory impairment. The inclusion criteria were
(1) studies that reported on participants having some degree of cognitive impairment
or diagnosis of dementia (2) a program focused exclusively on exercise, physical
activity or fitness training; (3) cognition as the dependent variable. Studies were
excluded if (1) they were not written in English; (2) no details were reported on the
cognitive status of the participants; (3) when next to exercise, also another type of
sensory stimulation was offered, e.g. music. The combination of two types of sensory
stimulation may improve cognition in people with dementia (Van De Winckel, Feys, De
Weerdt, & Dom, 2004), but it remains obscure which type of stimulation was (most)
effective.
Clinical studies that provided sufficient data for calculating effect-sizes d
(Cohen’s d: 0.20 = small, 0.50 = moderate, and 0.80 = large) (Cohen, 1992a) are
labelled ‘Clinical studies A’ (see Table 2.1a). In case a control group was present,
effect sizes were calculated between groups; if a control group was absent the effect
size within the group is noted. Studies in which data to calculate effect sizes are
lacking are labelled ‘Clinical studies B’ (see Table 2.1b).
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Churchill and co-workers (2002) discussed in an excellent review the results of
experimental animal studies in which responses to exercise, including synaptogenesis,
neurogenesis, glial plasticity, and vascular plasticity in the normal aging brain were
examined. In a transgenic mouse model of AD, mice with the opportunity to exercise
voluntarily on a running wheel for five months showed a decrease in extracellular
amyloid-ß (Aß) plaques in the frontal cortex and hippocampus (Adlard, Perreau, Pop, &
Cotman, 2005). In addition, the performance on the Morris water maze was found to
be improved indicating an enhanced rate of learning (Adlard et al., 2005). In sum, in
animal experimental studies with both healthy mice and mice with AD-like neuropa-
thology, exercise has been found to generate positive responses in the brain.
The question arises whether these plastic reactions to exercise also occur in
people with dementia. The second goal of the present paper is to try to provide an
answer to this question by focusing on the relationship between exercise and vascular
plasticity, i.e. cerebral perfusion, particularly patients with Alzheimer’s disease (AD).
The reason for focusing on the relationship between perfusion and exercise, particu-
larly in AD, is threefold: 1) cerebral perfusion is a good measure for neural activity
(Iadecola, 2004), 2) regional hypoperfusion, associated with a reduction in cerebral
metabolism (Attwell & Iadecola, 2002; Wolf et al, 2001), is a hallmark of AD (Mik-
lossy, 2003) and contributes to cognitive decline (Miklossy, 2003; Swaab, 1991,
2004), and 3) exercise has been shown to exert a positive influence on cerebral perfu-
sion (Ide, Horn, & Secher, 1999) and thus seems to be a good read out system for
effects.
A comprehensive overview of cerebral perfusion in AD is beyond the scope of
this paper. Since endothelium-derived factors play a pivotal role in the regulation of
cerebral perfusion (Farkas & Luiten, 2001), a literature search was performed for
studies that examined those factors with respect to AD. Subsequently, the factors
resulting from that search had to be studied in relation to the following key words
cerebral perfusion/cerebral blood flow/cerebral hypoperfusion and exercise/physical
activity/aerobic activity. Only nitric oxide (NO), a potent vasodilator (Huang et al.,
1995), met those criteria and will thus be discussed. 
OUTLINE OF THIS REVIEW
First of all, studies on the relationship between hypoperfusion, nitric oxide, cognition,
and exercise in AD are described. These studies lead to the important but rather unex-
pected conclusion of clinical relevance that exercise may not be beneficial for the cog-
nitive functioning of all people with dementia but may depend on the presence of
cardiovascular risk factors. These studies will be described first. The extent to which
cardiovascular risk factors play a role in the selection of older people with dementia in
clinical studies will be addressed in the second part of the review in which the effects
of exercise on cognition are presented.
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Chapter 2
HYPOPERFUSION, NITRIC OXIDE, COGNITION AND EXERCISE IN ALZHE-
IMER’S DISEASE
First, the focus will be on cerebral (hypo) perfusion, in relation to neural activity, exer-
cise, hypometabolism and cognition. Subsequently, nitric oxide (NO) and tissue-type
plasminogen activator, the release of which is regulated by NO will be discussed with
respect to hypoperfusion and exercise in AD.
CEREBRAL (HYPO) PERFUSION IN RELATION TO NEURAL ACTIVITY, 
EXERCISE, HYPOMETABOLISM, AND COGNITION
CEREBRAL PERFUSION AND NEURAL ACTIVITY
During neuronal activity, an increase of oxygen usage is followed within a few seconds
by an increase in cerebral blood flow (CBF) (Attwell & Iadecola, 2002). An increase in
oxygen and glucose uptake is indicative for enhanced cerebral metabolism (Ide &
Secher, 2000). As alterations in regional cerebral metabolism can be inferred from
measurements of regional cerebral perfusion (Wolf et al, 2001), cerebral perfusion is
frequently used as a global measure for neural activity in brain imaging studies (Wolf et
al., 2001; Iadecola, 2004). Fluctuations in cerebral perfusion are maintained by
cerebral autoregulation, an important protective mechanism that ensures near-constant
CBF (Baumbach & Heistad, 1983). In autoregulation, the arterial-arteriolar bed actively
adjusts the caliber of its vessels in response to changes in cerebral perfusion pressure
(CPP) by dilating when CPP decreases and constricting when CPP increases (Daley,
Pourcyrous, Timmons, & Leffler, 2004).
CEREBRAL PERFUSION AND EXERCISE
Changes in peripheral cardiovascular activity reflected in increased heart rate (HR) and
mean arterial blood pressure (MAP) cause an increase in CBF in various cortical and
subcortical brain areas in healthy volunteers (Critchley, Corfield, Chandler, Mathias, &
Dolan, 2000). During isometric exercise, an increase in CBF was observed in the right
anterior cingulate cortex (ACC), cerebellar vermis and brain stem. CBF appeared to be
dependent on the extent of HR and MAP increase: for example, a higher MAP was
associated with a greater CBF in the ACC and insula, whereas a lower MAP enhanced
the CBF in e.g. the hippocampus and medial temporal gyrus. Similarly, CBF showed a
specific positive relation with HR with respect to the pons and a specific negative cor-
relation concerning middle frontal gyrus, cingulate, orbitofrontal cortex, and amygdala
(Critchley et al., 2000). 
In addition to isometric exercise, CBF velocity is increased in healthy partici-
pants by dynamic activities such as rowing (Pott et al., 1997) and cycling (Hellström,
Fischer-Colbrie, Wahlgren, & Jogestrand, 1996). Even by submaximal cycling CBF
(Jørgensen, Perko, & Secher, 1992) and metabolism (Ide et al., 1999) increased. In
the primary motor cortex of rats, growth of capillaries as well as enhanced cerebral
perfusion was observed as a result of prolonged exercise (Swain et al., 2003). 
CEREBRAL HYPOPERFUSION AND HYPOMETABOLISM IN AD
A reduction in cerebral metabolism is accompanied by a decrease in CBF (Prunell,
Mathiesen, Svendgaard, 2004). Of note is that there is no agreement on the question
whether reduced cerebral metabolism in AD precedes hypoperfusion or vice-versa. It is
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suggested that a decrease of cerebral perfusion leads to hypometabolism (De La Torre,
2002b), whereas others claim that a reduced metabolism is the cause of hypoperfu-
sion (Meyer, Rauch, Rauch, Haque, & Crawford, 2000). 
Decreases in the cerebral metabolic rate for glucose and hypoperfusion have
consistently been observed in the temporoparietal cortex in AD (Warkentin, Ohlsson,
Wollmer, Edenbrandt, & Minthon, 2004) whereas different levels of hypoperfusion
have been found in the frontal and occipital cortex of different AD patients (Warkentin
et al., 2004). More specifically, participants who developed AD late showed decreased
perfusion in the hippocampal-amygdaloïd complex, the anterior and posterior cingulate
and the anterior thalamus (Johnson et al., 1998; Matsuda, 2001). Of note is that
glucose hypometabolism has been observed even in the preclinical stage of dementia
for example in the temporal lobe, posterior cingulate gyrus and precuneus (Matsuda,
2001; Reiman et al., 1996; Swaab et al., 2002). Hypoperfusion is also considered to
be evidence for cerebromicrovascular pathology underlying AD (De La Torre, 2002b)
Cerebral hypoperfusion tends to lead to leuko-araiosis and cortical watershed infarcts,
which may exacerbate cognitive decline (Miklossy, 2003). 
A protein which plays a major role in cerebral perfusion and metabolism and is a
known risk factor for sporadic AD, is apolipoprotein E4 (ApoE4) (Corder et al., 1993).
ApoE4 genotype appears not only to be involved in a decreased metabolism in AD
(Salehi, Dubelaar, Mulder, & Swaab, 1998), but also in a decreased metabolism in
ApoE4 carrying control subjects (Dubelaar et al., 2004). In AD, ApoE4 genotype is
accompanied by a decrease in brain blood flow velocity (Lehtovirta et al., 1998) and
enhances cerebrovascular amyloidogenesis (Martel et al., 1997), i.e. extracellular
accumulation of Aβ (Parihar & Hemnani, 2004). Cerebrovascular amyloidogenesis is
directly related to cerebral amyloid angiopathy (CAA) (Suzuki et al., 1994), i.e. the
deposition of e.g. Aβ in the vessel walls of the cerebral vasculature (Weller & Nicholl,
2003). In other words, ApoE4 increases the risk for CAA (Weller & Nicholl, 2003) and
an etiological relationship between CAA and vascular lesions, in particular intracerebral
hemorrhage, has been observed in AD (Weller & Nicholl, 2003). ApoE4 has been asso-
ciated with a reduction in CBF in the parietal, temporal and occipital areas in AD (Leh-
tovirta et al., 1998; Matsuda, 2001), together with a reduction in regional cerebral
metabolic rate for glucose in the posterior cingulate, and the parietal, temporal, and
prefrontal regions (Van Dyck, 2001).
CEREBRAL HYPOPERFUSION AND COGNITION IN AD
Several studies indicate that a significant correlation between hypoperfusion and cog-
nitive dysfunction in AD. Hypoperfusion and the scores on the Cambridge Cognitive
Examination (CAMCOG) (Roth et al., 1986) were significantly correlated (Tsolaki et al.,
2001). In a study using multiple regression analysis, left posterior temporal regional
CBF (rCBF) was a predictor of performance on the clock drawing test (Ueda et al.,
2002). In addition, correlations were found between the MMSE scores and hypoperfu-
sion in frontal, parietal en temporal cortex (Jagust, Eberling, Reed, Mathis, &
Budlinger, 1997; Tsolaki et al., 2001; Ushijima et al., 2002). More specifically, only
items appealing to attention/calculation showed a decline in CBF in the frontal cortex;
all other items covering e.g. orientation and recall were associated with a decreased
CBF in the posterior brain regions (Ushijima et al., 2002). In another study, rCBF in the
right posterodorsal anterior and superior prefrontal cortex and the inferior parietal
cortex was lower in a group of AD patients in whom the condition was progressing
rapidly (Nagahama et al., 2003). Lower perfusion rates correlated with poorer perfor-
mance on the MMSE. 
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NITRIC OXIDE IN RELATION TO HYPOPERFUSION AND EXERCISE IN 
ALZHEIMER’S DISEASE
NITRIC OXIDE AND HYPOPERFUSION
A key factor associated with cerebral hypoperfusion in AD is a dysfunction of nitric
oxide (NO) metabolism (Churchill et al., 2002; Selley, 2003). NO, derived from
vascular endothelial nitric oxide synthase (eNOS), plays a pivotal role in cerebral perfu-
sion by its influence on vascular tone, blood pressure, and vascular homeostasis
(Huang et al., 1995; Kubes & Granger, 1992). Cerebral autoregulation is mediated by
NO (White, Vallance, & Markus, 2000). Moreover, NO reduces the risk for atheroscle-
rosis and thrombosis and improves blood flow by lowering stress on the blood vessel
wall, thus protecting endothelial cell function (Maxwell, 2002). 
It is suggested that AD-related hypoperfusion disturbs basal NO levels, causing
alterations in the endothelium and inducing vascular injury (Cooke & Dzau, 1997).
More specifically, it is presumed that when the cerebral perfusion decreases below a
certain critical level, eNOS tries to maintain vascular homeostasis by upregulating NO
(De La Torre, 2002a). In failing to do so, NO becomes deregulated, damages the
endothelial cells and impairs glucose transport to the brain (Chen et al., 1999). This
vicious circle is presented in Figure 2.1 (left side).
Subsequently, as a result of deterioration in NO homeostasis, oxidative alter-
ations may contribute to cell death (Fernández-Vizarra et al., 2004). In addition, not
only the surpassing of a critical level of brain perfusion disturbs NO production and
contributes to AD neuropathology. Selley (2003) observed that inhibition of NO pro-
duction also results from increased levels of homocysteine in the blood of AD patients.
A high level of homocysteine is a risk factor for cardiovascular disease (Herrmann,
2001). 
NO shows a close relationship to several neurotransmitter systems. For
example, the relationship between NO and the nicotinic cholinergic system is reflected
in the glutamate/nitric oxide synthase (NOS)/soluble guanylyl cyclase (sGC) pathway.
More specifically, data suggest that the NOS/sGC pathway is activated by a presynap-
tic action of nicotine, resulting in among others hippocampal excitation (Fedele &
Raiteri, 1999). Activation of nicotinic acetylcholine receptors – with consequent neural
vasodilatation – contributes to an increase in CBF and NO production in the hippocam-
pus of conscious rats (Nakajima, Uchida, Suzuki, Hotta, & Aikawa, 2003). The entire
cortical mantle including the hippocampus is densely innervated by a very fine NOS
positive fibre network that finds its origin in scattered NOS interneurons. From the
findings of Nakajima and co-workers (2003) it can be concluded that basal forebrain
and medial septal cholinergic neurons have direct projections onto the NOS positive
interneurons and this way have a well developed access to vasodilation mechanisms
via release of NO. Such a neuronal organization of cerebrovascular innervation was
also concluded from studies by Moro and colleagues (1995) who demonstrated co-
localization of NOS and muscarinic receptors in interneurons in neocortical regions pro-
jecting onto cerebral microvessels (Hamel, 2004). Taken together, these experimental
studies point to a potent basal forebrain cholinergic influence on cortical blood flow
regulation mediated by NO production through NOS interneurons provided with both
nicotinic and muscarinic postsynaptic receptorsystems (Harkany, Penke, & Luiten,
2000). It is noteworthy that a cholinergic denervation of NOS expressing interneurons
and cortical microvessels has been found in AD patients (Hamel, 2004; Tong & Hamel,
1999), particularly in the temporal cortex (Tong & Hamel, 1999). There are other
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neural systems related to NO, for example the nitrergic sytem (Tong & Hamel, 2000).
However, since a close relationship between the nitrergic system and NO in AD is
lacking, this system will not be discussed here.
In sum, cerebral perfusion is highly dependent of NO and NO metabolism is
severely affected in AD.
Figure 2.1. NO and t-PA in AD
Tissue-type plasminogen activator and hypoperfusion
In endothelial cells, NO regulates the release of tissue-type plasminogen activator (t-
PA) (Schini-Kerth, 1999), an enzyme that plays a crucial role in preventing thrombosis
(Muldowney & Vaughan, 2002). The main function of t-PA is to convert plasminogen
– an inactive proenzyme (Lijnen & Collen, 1997) - into plasmin (Melchor, Pawlak, &
Strickland, 2003), which in turn degrades fibrin clots in the circulation (Lijnen &
Collen, 1997; Muldowney & Vaughan, 2002). Plasmin formation in the pericellular
environment takes place by another plasminogen activator: the urokinase-type plasmi-
nogen activator (u-PA) (Lijnen & Collen, 1997). Fibrinolytic activity induced by
vascular endothelial growth factor (VEGF), a pivotal angiogenic growth factor (Carme-
liet, 2000), is dependent on u-PA (Prager, Breuss, Steurer, Mihaly, & Binder, 2004). 
Amyloid β (Aβ) peptide, a product of Aβ precursor protein, causes in normal
aging an upregulation of t-PA in combination with u-PA in rat. This results in an
increase in plasmin activity which, in turn, degrades Aβ (Tucker et al., 2000; Tucker,
Kihiko-Ehmann, & Estus, 2002). An increase in Aβ, a neuropathological hallmark of AD
(Koistinaho & Koistinaho, 2005), is associated with an upregulation of t-PA inhibitors
dysfunction  
basal NO levels
hypoperfusion 
dysfunctional 
upregulation 
NO 
increased damage endothelium 
decreased t-PA 
activity 
upregulation t-PA  
inhibitors 
increase in Aβ
decreased plasmin activity 
increased inflammation 
AD pathology 
Alzheimer’s disease (AD) - related hypoperfusion
disturbs basal nitric oxide (NO) levels, and hypoperfusion
below a critical level leads to dysfunctional upregulation
of NO (De La Torre, 2002a). Both processes increase
the damage to the endothelial cells, resulting in vascular
injury and initiating a vicious circle (Cooke & Dzau,
1997). Since the release of tissue-type plasminogen
activator (t-PA) is regulated by NO, NO dysfunction
could also result in a decreased t-PA activity (Schini-
Kerth, 1999). Reduced t-PA causes reduced plasmin
activity which aggravates accumulation of amyloid β
peptide (Aβ) in AD. Increase of Aβ can enhance
inflammation and upregulation of t-PA inhibitors, leading
to a vicious circle (Tucker et al., 2002).
below critical level 
vascular injury 
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and consequently with a decrease in t-PA activity, particularly in areas that are most
vulnerable to AD, i.e. the hippocampus and amygdala (Melchor et al., 2003). Tucker
and co-workers (2002) further propose a vicious circle, implying that by inflammation
in AD, inhibitors of t-PA and u-PA are increased. The increase in t-PA and u-PA inhibi-
tors would reduce plasmin activity, which causes an increase in A levels and a further
augmentation of inflammation. This vicious circle is presented in Figure 2.1 (right side).
Furthermore, the suggestion that t-PA and related plasmin might also be able to
enhance Aβ activity and, hence, neurotoxicity could not be confirmed in rat (Tucker et
al., 2000). In addition, in the human AD hippocampus, there was no evidence for a
local inhibitory effect of the amyloid containing plaques on neuronal metabolism
(Salehi et al., 1998). 
Plasmin, generated by t-PA activity, degrades other proteins like laminin (Chen &
Strickland, 1997). Laminin - a protein produced by Schwann cells - plays a crucial role
in the development of the peripheral and central nervous system, among others by pro-
moting neurite outgrowth (Matsuda et al., 2002), Schwann cell migration (Anton, San-
drock, & Matthew, 1994) and the formation of myelin (Eldridge, Bunge, & Bunge,
1989). Laminin is expressed in the hippocampus, more specifically in CA1-CA3 and
the dentate gyrus (Chen & Strickland, 1997). In AD, laminin interacts with A peptide,
attenuating the aggregation of Aβ possibly by inhibition of Aβ fibril formation (Monji et
al., 2000) and hence decreasing its presumed neurotoxicity (Morgan & Inestrosa,
2001). However, in ischemic lesions, are also a neuropathological hallmark of AD
(Koistinaho & Koistinaho, 2005), plasmin degrades laminin and causes neuronal
damage in mice (Nagai, De Mol, Lijnen, Carmeliet, & Collen, 1999; Wang et al., 1998)
(see Figure 2.2). One mechanism underlying the increase in plasmin is that ischemic
lesions overstimulate glutamate receptors which mediate the enhancement of the syn-
thesis of t-PA (Chen & Strickland, 1997). In other words, degradation of laminin,
which will occur by an increase in t-PA in patients with ischemic lesions after stroke
and particularly after relatively small infarcts (Wang et al., 1998) might lead to further
neuronal loss (Chen & Strickland, 1997). In contrast to a high level of t-PA which
enhances cell death in patients with cerebral ischemia, a low level of plasminogen in
mice causes an increase in intravascular deposition of fibrin that increases infarct size
(Nagai et al., 1999). The resulting high concentrations of laminin might also have a
neurotoxic effect (Liesi, Narvanen, Soos, Sariola, & Snounou, 1989).
Taken together, activity of t-PA and u-PA enhances the production of plasmin
which, in turn, is able to degrade Aβ. However, plasmin may also cause a decline of
laminin, a protein that decreases neurotoxicity in AD. Not only a too low level of
laminin, but also a high laminin concentration could enhance neuronal damage.
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Figure 2.2. Role of t-PA, plasmin and laminin in ischemic lesions
NITRIC OXIDE AND EXERCISE
Animal experimental studies show a positive relationship between exercise, nitric
oxide, and cardio- and cerebrovascular functioning (Endres et al., 2003). Mice with
cerebral ischemia due to occlusion of the middle cerebral artery that participated in a
running group showed an upregulation of eNOS accompanied by vasodilatation and a
significant reduction in the size of the lesion, brain swelling, and sensory-motor defi-
cits. These effects were not observed in non-running mice. Of note here is that irre-
spective of the nature of running, i.e. voluntary or trained, the rCBF increased
significantly in the posterior brain regions, with high values in the hippocampus (Endres
et al., 2003). Enhancing the release of NO might also contribute to anti-inflammatory
processes, as NO-releasing ferutic acid derivative was effective in the reduction of
microglia activation in the temporal lobes of rats (Wenk et al., 2004). An important
point that needs further examination is that serotoninergic dysfunction resulting in a
hyposerotoninergic condition – characteristic for AD (Meltzer et al., 1998) - causes a
supersensitivity to NO (Srikiatkhachorn et al., 2000), implying that even mild physical
activity could result in beneficial effects in AD. 
Some support for a relationship between exercise and the cholinergic system
emerges from animal experimental studies, in which walking significantly increased
release of acetylcholine in conscious rats (Kurosawa, Okada, Sato, & Uchida, 1993).
Interestingly, the higher the walking speed, the higher the cholinergic-induced increase
in CBF in the hippocampus (Nakajima et al., 2003). 
ischemic lesions
overstimulation glutamate receptors
enhanced synthesis t-PA
increased plasmin
degradation laminin
neuronal loss
Ischemic lesions, part of the neuropathology of AD (Koistinaho &
Koistinaho, 2005), overstimulate glutamate receptors, resulting in 1)
enhanced synthesis of t-PA, 2) an increase in plasmin, 3) degradation of
laminin (Wang et al., 1998) and 4) neuronal loss (Chen & Strickland,
1997).
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Finally, exercise may attenuate the endothelial dysfunction caused by high levels
of homocysteine (Hayward et al., 2003), although it may be dependent on the duration
and intensity of exercise. Strenuous exercise may even lead to a homocysteine
increase in recreational endurance athletes (Herrmann et al., 2003).
In short, physical activity leads to enhanced NO release which may generate
improved cerebrovascular function, may enhance anti-inflammatory activity, and may
lead to increased acetylcholine release.
Tissue-type plasminogen activator and exercise
The endothelium of the forearm is less able to release t-PA antigen in older persons
with a low level of physical activity (Smith, Hoetzer, Greiner, Stauffer, & DeSouza,
2003). Interestingly, the capacity of the endothelium to release t-PA can be restored
after a period of aerobic exercise, particularly walking (Smith et al., 2003). These
authors suggest that the increase in t-PA might restore endothelial fibrinolytic function
which is diminished in aging. The increase in t-PA might be due to an increased arterial
pressure and pulsatile flow during physical activity. Although Smith and colleagues
(2003) made their observations on the forearm, we hypothesize that their findings
could be generalized to the cardiovascular condition, and hence the perfusion of the
brain. 
In sum, an increase of t-PA by means of exercise may restore endothelial fibrin-
olytic function and improve cerebral perfusion.
EXERCISE AND COGNITION IN OLDER PERSONS WITH DEMENTIA:
CLINICAL STUDIES A AND B
CLINICAL STUDIES A
In one of the earliest reports on this topic, a group of 20 psychogeriatric patients
underwent an acute bout of exercise for 40 minutes and showed a significant improve-
ment in memory performance (greater retrieval capacity) compared with a control
group (Cohen’s d = 0.23) (Diesfeldt & Diesfeldt-Groenendijk, 1977). Cardiovascular
risk factors were not controlled for. A few studies have been described in which
persons with dementia were given exercise for a longer period. In a randomised con-
trolled study, 20 geriatric mental patients were divided into two treatment groups, one
group being given conventional social therapy and one exercise therapy, and one
control group (Powell, 1974). Patients with cardiovascular risk factors such as hyper-
tension were excluded from the study. After 12 weeks of treatment the exercise group
showed improved performance on the Progressive Matrices Test (Raven, 1965)
(Cohen’s d = 0.59) and the Wechsler Memory Scale (Wechsler, 1945) (Cohen’s d =
0.14) compared with the control group. The higher scores on both tests implied that
global intellectual functioning and memory improved. The results of another memory
test and two behavioral assessments did not show significant improvement. In another
study, 15 males diagnosed with possible AD exercised on a cycle ergometer (Palleschi
et al., 1996). No information was provided about the patients’ cardiovascular condi-
tion. Their performance on the test of the attentional matrix (Spinler & Tognoni, 1983)
(Cohen’s d = 1.52), the verbal span test (Spinler & Tognoni, 1983) (Cohen’s d =
1.73), the supraverbal span test (Spinler & Tognoni, 1983) (Cohen’s d = 2.71) and
the Mini Mental State Examination (MMSE) (Folstein, Folstein, & McHugh, 1975)
(Cohen’s d = 1.94) were found to have improved after the intervention period. These
treatment effects suggest an improvement in attention en global cognitive functioning.
It should be noted however that a control group was lacking in this study. Friedman &
37
C
h
a
p
te
r 2
More is not necessarily better
Tappen (1991) reported on 30 moderate to severe AD patients who took part in either
a walking program or a conversation program for 10 weeks (Friedman & Tappen,
1991). Patients with cardiovascular risk factors such as diabetes mellitus and hyper-
tension as well as those with congestive heart failure were among the participants.
After the treatment period performance on the Communication Observation Scale
(Hoffman, Platt, & Barry, 1985) (Cohen’s d = 1.06) improved only in the walking
group. In other words, patients who went walking showed an improvement in verbal
and non-verbal communication. In a recent pilot study by Scherder and colleagues
(2005), 43 advanced older individuals with mild cognitive impairment – a transitional
stage to AD (Petersen et al., 1999) – participated. Persons were randomly divided into
three treatment groups: a walking group (n=15), a group carrying out hand and face
exercises (n=13) and a control group (n=15) that received social visits. Patients with
cardiovascular risk factors were not excluded from the study. Performance on tasks
that measure executive functioning, verbal fluency and the Trailmaking Test (Reitan &
Wolfson, 1985), improved in both the walking group (Cohen’s d = 0.42 and d =
0.46, respectively) and the hand/face exercise group (Cohen’s d = 0.59 and d = 0.13
respectively). However, considering the small sample size firm conclusions could not
be drawn.
In sum, the results of the five studies reviewed above suggest that exercise has
a positive effect on cognition, in particular attention, memory, communication, execu-
tive functions, and global mental functioning in older persons with cognitive impair-
ment. However, most studies included only a small number of people and showed
serious methodological flaws. Two studies did not control for the presence of cardio-
vascular risk factors, only one study excluded those who were familiar with these
factors.
CLINICAL STUDIES B
One 20-minutes session of physical activity (walking or arm and leg extensions) was
not found to lead to statistical differences on a test of language ability and word
retrieval or a verbal recognition task in a group of 25 AD patients. A 20-minutes
session of Bingo however did induce a significant improvement on the tasks (Sobel,
2001). No information was provided about the presence of cardiovascular risk factors. 
A group of 23 moderate to severe AD patients participated in a program of
endurance exercise that consisted of walking and riding an exercise bicycle (Rolland et
al. 2000). Patients with cardiac disease were excluded. The AD patients significantly
improved in the performance on the MMSE, implying that global cognitive functioning
improved. Unfortunately, a control group was not included. In another intervention
study, forty-three older AD patients participated in a program consisting of somatic
and isotonic-relaxation exercises (Lindenmuth & Moose, 1990). Information about the
cardiovascular condition of these patients was not provided. The cognitive abilities of
the experimental group were stated to have improved after 8 weeks of training.
However, the nature of the cognitive abilities that improved was not further specified.
Moreover, the participants were allowed to choose whether they preferred to be in the
experimental group or control group, participation in the exercise group was irregular,
and the control group did not take part in any alternative activity. 
Taken together, two out of three studies report an improvement in global cogni-
tive functioning, by exercise. The methodological shortcomings of these studies are
similar to those of the clinical studies A. Only one study controlled for the presence of
cardiovascular risk factors and excluded those who were familiar with them.
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DISCUSSION
HYPOPERFUSION, NITRIC OXIDE, COGNITION AND EXERCISE IN ALZHEIMER’S DISEASE
Cerebral hypoperfusion, characteristic for AD (Miklossy, 2003) and related to a
decrease in cerebral metabolism (Attwell & Iadecola, 2002; Wolf et al., 2001) reduces
the level of cognitive functioning (Miklossy, 2003; Swaab, 1991, 2004). If cerebral
hypoperfusion can be restored and kept at an appropriate level by exercise, one may
hypothesize that collapsed cortical capillaries can participate again in the circulation.
This sequence of events reflects the preservation of the hemodynamic integrity at a
capillary level (Miklossy, 2003). In addition, exercise may lower increased blood
pressure (Whelton, Chin, Xin, & He, 2002) and may improve the cardiovascular condi-
tion, i.e. heart rate variability (Pober, Braun, & Freedson, 2004), factors that also con-
tribute to the positive effects of exercise on cerebral perfusion (Critchley et al., 2000;
Keller & Lemberg, 2002).
A theoretical model of the relationship between exercise and cerebral perfusion
is presented in Figure 2.3. This model could serve as a guide for future studies, since it
indicates that exercise is not necessarily beneficial for all people with dementia, partic-
ularly in the presence of ischemic lesions. The positive effects of exercise on cerebral
perfusion appear to depend on the patient’s cardiac condition. Koike and co-workers
(2004) observed that in patients with valvular heart disease, and hence with reduced
cardiac output, the cerebral oxyhemoglobin level declined during increasing physical
effort on a cycle ergometer. These authors suggest that the blood supply to these
patient’s muscle cells during exercise occurs at the expense of the blood supply to
other organs such as the cerebrum. Others confirm that a limited cardiac output during
exercise with a large muscle mass affects the regional increase in cerebral perfusion
(Ide, Pott, Van Lieshout, & Secher, 1998). There is ample evidence that cardiovascular
disorders like hypertension increase the risk of AD (De La Torre 2002a; Skoog &
Gustafson 2003). More specifically, it has been observed that high systolic blood
pressure increases the risk for hippocampal atrophy and consequently the risk for AD
(Launer et al., 2000). The important role of hypertension and hypercholesterolemia in
the development and expression of AD has been described (Kivipelto, Laakso, Tuomile-
hto, Nissinen, & Soininen, 2002), and they suggest proper, early interventions aimed
at reducing these cardiovascular risk factors to alter the incidence of AD. Indeed,
ischemic lesions have been observed in AD (Koistinaho & Koistinaho, 2005). When
ischemic lesions are present, (high-intensity) physical activity might lead to laminin
depletion and hence to neuronal damage (Chen & Strickland, 1997; Nagai et al.,
1999). It therefore seems vital to maintain the laminin concentration at physiologically
normal levels. The question arises to what extent this important information is incorpo-
rated into clinical studies examining the effects of exercise on cognition of older people
with cognitive impairment.
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Figure 2.3. Role of NO, t-PA, plasmin and laminin in effects of exercise in AD
CLINICAL STUDIES A AND B
Seven of the eight clinical studies reviewed here show positive effects of physical
activity on cognition, in particular attention, memory, communication, executive func-
tions and global mental functioning, in older people with dementia. Of those studies,
only two excluded participants who suffered from hypertension and/or had a history of
cardiac problems (Powell, 1974; Rolland et al., 2000) while four did not control for
cardiovascular risk factors (Diesfeldt & Diesfeldt-Groenendijk, 1977; Lindenmuth and
Moose, 1990; Palleschi et al., 1996; Sobel, 2001). It may be noted that three of the
last-mentioned four studies reported a beneficial influence of exercise on cognition
(Diesfeldt & Diesfeldt-Groenendijk, 1977; Lindenmuth and Moose, 1990; Palleschi et
al., 1996). Since we have no evidence that only cognitively impaired older people
without cardiovascular risk factors participated in these studies, it may be argued that
the absence of cardiovascular risk factors is not a prerequisite for effective treatment.
Support for this argument emerges from two studies reviewed here, which specifically
included people with cardiovascular risk factors and where cognitive improvement was
still observed (Friedman & Tappen, 1991; Scherder et al., 2005). The findings of the
present review do however suggest that the presence of cardiovascular risk factors
might explain those cases where treatment failed to have a beneficial effect. For
example, in one study where subjects were required to undertake periods of exercise
(walking) combined with conversation adapted to appeal to patients’ residual verbal
capacities this form of treatment was not found to improve patients’ overall communi-
cation (Cott, Dawson, Sidani, & Wells, 2002). (This study was excluded from the
present review, because we did not consider interventions involving the combination
of two types of sensory stimulation.) The authors mentioned differences in pre-treat-
exercise
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t-PA enhancement
increased plasmin 
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laminin degradation 
increased neuronal damage 
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Exercise leads to an upregulation of NO (Endres et al., 2003) and increases
cerebral perfusion which could attenuate endothelial dysfunction in AD. Exercise
enhances t-PA (Smith et al., 2003) and consequently plasmin activity, stimulating
degradation of Aß and hence reducing neuronal damage. On the other hand, in the
presence of ischemic lesions, the increased plasmin activity may degrade laminin,
increasing neuronal damage (Chen & Strickland, 1997). 
in case of ischemic lesions 
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ment scores between the experimental group and the control group as one of the
possible reasons for their negative results. Cardiovascular risk factors (which they did
not control for) might have been an alternative explanation. All in all, it seems appropri-
ate to suggest that further research into the effects of physical activity on the cogni-
tion of older people with cognitive impairment should control for cardiovascular risk
factors. On the one hand, this might explain why exercise is not effective in improving
cognition in certain patients, while on the other it would permit testing of the hypothe-
sis that greater cognitive improvement is found in patients without cardiovascular risk
factors than in those with this risk. 
The fact that only studies of the direct effects of physical activity on cognition
in older people with dementia were selected might be considered a limitation of the
present review. This restriction was in fact imposed in order to highlight the paucity of
studies of this type. Some authors have suggested that the strikingly low number of
studies in this field might be due to poor patient compliance with the treatment
(Tappen, Roach, Applegate, & Stowell, 2000) or patients’ inability to understand the
program description (Naso, Carner, Blankfortdoyle, & Coughey, 1990). Others found
however that frail persons with dementia are quite capable of following an exercise
program (Lazowski et al., 1999). It is worth noting that exercise can also improve cog-
nition indirectly, for example by reducing depression. Since it is known that depression
can reduce cognitive functioning (Bierman, Comijs, Jonker, & Beekman, 2005), a
reduction in depression brought about by exercise (Palmer, 2005) might enhance cog-
nitive functioning. It would be worthwhile discussing the results of studies of the
indirect effect of exercise on cognition in persons with AD and other forms of
dementia in a subsequent review. 
A further limitation of the clinical studies reviewed here is the relatively small
number of patients included, which is due to the high drop-out rate. The small sample
size reduces the predictive power of the results. However, all studies considered here
gave a positive outcome, though the most informative effect sizes (Cohen’s d), i.e.
those calculated from studies including both an experimental and a control group,
showed an extremely wide range from d = 0.13 (corresponding to a very small effect)
to d = 1.06 (very large effect). 
In conclusion, we recommend that people with AD should undergo careful
physical examination, specifically aimed at cardiovascular risk factors, before entering
a physical training program in future studies. The presence of cardiovascular risk
factors might attenuate or even undo positive effects of exercise on cognition. It
follows that participation in exercise programs next to one’s usual physical activities is
not necessarily beneficial for all patients. A good motto for those advising persons
with dementia on possible exercise regimens might thus be ‘more is not always
better’.
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PHYSICAL ACTIVITY AND BEHAVIOR IN DEMENTIA: A 
REVIEW OF THE LITERATURE AND IMPLICATIONS FOR 
PSYCHOSOCIAL INTERVENTION IN PRIMARY CARE
Eggermont, L.H., & Scherder, E.J. (2006). Dementia, 5, 411-428.
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ABSTRACT
Physical activity can have a positive impact on cognition and well-being in older
people. This paper reviews and evaluates the effects of planned physical activity
programs on mood, sleep and functional ability in people with dementia.  A total of 27
studies between 1974 and 2005 were found. Of these, four included participants
living at home, two involved participants living either at home or in care homes and 21
included participants living solely in care homes. Since psychosocial intervention can
reduce family caregiver burden, the break down of home-care and associated rates of
institutionalization, the indirect effects of these physical activity programs on the
family caregiver are also explored. The scope for developing physical activity programs
for people with dementia in primary care, using families and volunteers is discussed. 
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Physical activity and behavior in dementia
INTRODUCTION
Reduced physical activity can be an indirect consequence of dementia since motor
function is affected in many of the dementias.  For example in Alzheimer’s disease
(AD) extra pyramidal ‘Parkinsonian’ symptoms (rigidity, tremor and bradykinesia) have
been observed (Prehogan & Cohen, 2004) and even in their absence impaired balance
and reduced speed of walking is reported (O’Keefe et al., 1996; Pettersson, Engardt, &
Wahlund, 2002). In Vascular dementia (VaD) walking speed is slower than in AD
(Tanaka et al., 1995) and in subcortical ischemic vascular dementia (SIVD) gait distur-
bances such as decreased step length and gait apraxia with co-existing extrapyramidal
symptoms  are noted (Román et al., 2002). Patients with Frontotemporal dementia
(FTD) do not initially present with gait disturbances, but akinesia has been reported in
the temporal variant of FTD (semantic dementia), in some frontal-variant patients
(Rosen et al., 2002) and involuntary trunk movements have been noticed in relatively
early stages of FTD compared with AD patients (Mendez, Shapira, & Miller, 2005).
Impairment in motor activity leading to reduced physical activity in people with demen-
tia, may therefore compromise the convincing and potentially protective influences of
physical activity and/or exercise on cognition (Colcombe & Kramer, 2003; Fratiglioni et
al., 2004), mood (Arent, Landers, & Etnier, 2000) and sleep (Montgomery & Dennis,
2004). Physical activity may also reduce the risk of developing dementia since older
males with low walking rates (less than 0.25 mile a day), showed a 1.8-fold increased
risk of dementia compared with those that walked more than 2 miles a day (Abbottt et
al., 2004) and women with high levels of baseline physical activity had a lower risk of
cognitive deterioration (Yaffe, Barnes, Nevitt, Lui, & Covinsky, 2001). 
Given that exercise and physical activity may minimize the risk of disability due
to behavior, sleep or mood disorders in dementia, the aim of the present article is to
examine the influence of exercise on affective behavior, sleep, and functional ability in
people with dementia.  A recent review of randomized controlled studies (Heyn, Abreu,
Ottenbacher, 2004) examined whether exercise has beneficial effects on health-
related physical fitness, cardiovascular fitness, strength, flexibility, cognitive function,
physical function and behavior in older people with cognitive impairment and dementia.
They report that exercise improves physical and cognitive function as well as positive
behavior. However the actual detail they present on the effects of exercise training on
behavior is only brief and it is not possible to reach clear conclusions on what is
needed for planned exercise to have a positive effect on the behavior of people with
dementia. Since  behavioral symptoms in dementia often predict family caregiver
burden (Donaldson, Tarrier, & Burns, 1998) and the breakdown of care at home (Schur
& Whitlatch, 2003), we will focus in detail on the effects of exercise on behavior i.e.
affect, sleep and activities of daily life (ADL). Given the relatively few studies in this
field, we include the range of experimental designs including smaller within–subject
experiments. 
METHODS
Literature searches were performed in Pubmed, Web of Science, PsycINFO, and
BioMed Central, concluding in October 2005. The key words used in the search of
computerized databases included physical activity, exercise, physical therapy, fitness
training in combination with behavioral problems, disruptive behavior, mood, depres-
sion, anxiety, aggression, agitation, grief, happiness, apathy, emotional problems, per-
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sonality, quality of life, sleep, restlessness, wandering, general health, functional
ability, ADL. These were combined with dementia, demented, Alzheimer’s disease,
nursing home residents, cognitive impairment, cognitively impaired, mild cognitive
impairment. The inclusion criteria were 1) studies that reported on participants having
some degree of cognitive impairment or a diagnosis of dementia, 2) ambulant nursing
home residents with a score of less than 23/24 on the Mini-Mental State Examination
(MMSE) (Folstein, Folstein, & McHugh, 1975) as this is the standard cut-off point for
cognitive impairment (Grut, Fratiglioni, & Winblad, 1993), 3) studies offering an inter-
vention with exercise as a primary focus, 4) outcome measures assessing behavior,
mood, sleep or functional ability. Studies were excluded if specific details indicated
that not all participants were cognitively impaired.
During the search, titles and abstracts were thoroughly screened to exclude
those that were not experimental interventions. This initial search yielded 70 articles,
which were read to determine the presence of inclusion and exclusion criteria
described above. A total of 27 studies met our inclusion criteria for this review. In
order to evaluate the studies on their methodological quality, we applied criteria that
have been used in pharmacological treatment trials (Miyasaki, Martin, Suchowersky,
Weiner, & Lang, 2002). These criteria classify intervention studies into three, broadly
defined as: 
Class I: Prospective, randomized, controlled clinical trials in a representative
population with masked outcome assessment. All Class I studies have a) clearly
defined outcome measures, b) clearly defined in- and exclusion criteria, c) adequate
accounting for drop-outs with numbers significantly low to have minimal potential for
bias and d) presented relevant baseline characteristics which were substantially equiv-
alent among groups; 
Class II: Prospective matched group cohort studies in a representative popula-
tion with masked outcome assessment that meets the criteria a), b), c) and d) or a ran-
domized controlled trial that lacks one criteria; 
Class III: All other controlled trials. Interventions can then be evaluated against
the number of class I, II or III studies, in levels of recommendation: A, B, C, or U. Level
A indicates that an intervention is established in being effective, ineffective or harmful,
level B indicates an intervention to be probably effective, ineffective, or harmful and
level C to be possibly effective, ineffective or harmful. Level U indicates the data being
inadequate or conflicting (see Miyasaki et al., 2002).
RESULTS
The 27 selected studies were dated between 1974 and 2005 and generated a sample
size of 1160 participants who completed follow-up. Twenty-one studies included par-
ticipants living solely in care homes, four included participants living at home, two
included participants living either at home or in care homes. Table 3.1 outlines the
characteristics and outcome of studies reviewed. 
EFFECTS OF PHYSICAL ACTIVITY ON AFFECTIVE BEHAVIOR
Seventeen studies were found for the effects of exercise on affect (see Table 3.1), of
which  ten included people living in a care home, five included community-dwelling
people and two included both people living in a care home and people that were com-
munity-dwelling. According to the classification of Miyasaki et al. (2002), five were
Class I, four Class II and three were Class III studies. The remaining five used within-
subjects designs and three of these did not report statistical analysis. 
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Class I studies showed inconsistent findings: two report positive outcomes
(Alessi, Yoon, Schnelle, Al Samarrai, & Cruise, 1999; McCurry, Gibbons, Logsdon,
Vitiello, & Teri, 2005), while the rest showed no change. There are particular differ-
ences between the interventions compared that might explain these inconsistent
results, which are otherwise seen as level U (Miyasaki et al. 2002). For example, in
one study (Alessi et al., 2005) the intervention was applied for only five consecutive
days, which may have been too short a period to generate positive results. The other
two Class I studies which report no effect on mood (Mulrow et al., 1994; Van de
Winckel, Feys, De Weerdt, & Dom, 2004) offered an intervention that did not involve
walking. Therefore we suggest that walking might be the key physical activity needed
to demonstrate positive effects on mood. 
 The four Class II studies also showed inconsistent results. One study included
community-dwelling AD patients where exercise was implemented by caregivers
which led to improved mood (Teri, et al., 2003). Another study (Hopman-Rock, Staats,
Tak, & Dröes, 1999) reported an increase in positive group behavior (e.g. being more
helpful to others) only in those with relatively mild cognitive problems. One possible
explanation for why this improvement was not observed in patients with more severe
cognitive impairment might be that the group with mild cognitive problems benefited
from the social aspects of the exercise intervention which in turn impacted on their
mood. Another Class II study (Schnelle, MacRae, Ouslander, Simmons, & Nitta, 1995)
found a decrease of agitation in both groups, implying no additional benefit of the exer-
cises on agitation, and MacRae and colleagues (1996) found no significant change in
outcome. However both studies offered an exercise intervention of relatively short
duration, i.e. 13 minutes and 14.5 to 23.8 minutes respectively. 
Class III studies also showed mixed results. Two showed a decrease in verbal
aggression (Holmberg, 1997; Landi, Russo, & Bernabei, 2004), whereas one reported
an increase in depression in institutionalized patients probably because of increased
levels of awareness in participants (Powell, 1974). 
Four of the five within-subjects exercise studies showed a positive effect on
mood (Arkin, 1999; Arkin, 2001; Arkin, 2003; Heyn, 2003). In the fifth study (Rolland
et al., 2000) the exercise intervention was implemented by caregivers and led to a
decrease of behavioral problems but families themselves reported no reduction on their
perceived burden. Thus whilst exercise may have reduced behavioral problems in
patients with dementia, it was apparently not enough to have a direct impact on family
caregiver burden.
Of the three studies that lacked statistical analysis, one offered an exercise
intervention which resulted in decreased swearing (Meddaugh, 1987) and two
focussed on behavior during an exercise activity. Rolling walker sessions resulted in a
positive effect on mood and agitation (Trudeau, Biddle, & Volicer, 2003) and interven-
tions carried out by family caregivers noted that a walking activity resulted in
increased tenderness of communication between caregiver and patient, whilst a dance
event led to an increase in tenderness of communication as well as an improvements
in emotional responses (Palo-Bengtsson & Ekman, 2002).
In sum, taking the methodological quality of the studies and differences
between interventions into consideration, we conclude that sustained walking in par-
ticular may benefit affective behavior (mood) and where measures are taken during a
physical activity there are consistent reports that participants also appreciate physical
activity. 
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Physical activity and behavior in dementia
C
h
a
p
te
r 3
P
o
w
e
ll
, 
1
9
7
4
G
e
ri
a
tr
ic
 m
e
n
ta
l 
p
a
ti
e
n
ts
1
0
 i
n
te
rv
e
n
ti
o
n
1
0
 s
o
c
ia
l 
th
e
ra
p
y
  
1
0
 c
o
n
tr
o
l 
R
a
n
d
o
m
iz
e
d
 t
ri
a
l
In
te
rv
e
n
ti
o
n
: 
1
 h
r 
a
 d
a
y
, 
5
 d
a
y
s
 a
 w
e
e
k
 e
x
e
rc
is
e
 
th
e
ra
p
y
, 
in
v
o
lv
in
g
 w
a
lk
in
g
 a
n
d
 c
a
ll
is
th
e
n
ic
s
, 
fo
r 
1
2
 
w
e
e
k
s
, 
b
y
 t
w
o
 a
c
ti
v
it
y
 t
h
e
ra
p
is
ts
S
o
c
ia
l 
th
e
ra
p
y
: 
A
rt
s
 a
n
d
 c
ra
ft
s
 w
o
rk
, 
m
u
s
ic
 t
h
e
ra
p
y
 
a
n
d
 g
a
m
e
s
 p
la
y
in
g
 i
n
 t
h
e
 s
a
m
e
 f
re
q
u
e
n
c
y
, 
b
y
 t
h
e
 
s
a
m
e
 t
w
o
 a
c
ti
v
it
y
 t
h
e
ra
p
is
ts
C
o
n
tr
o
l:
 N
o
 s
tu
d
y
-p
ro
v
id
e
d
 i
n
te
rv
e
n
ti
o
n
B
e
h
a
v
io
ra
l 
q
u
e
s
ti
o
n
n
a
ir
e
s
U
n
c
le
a
r 
w
h
e
th
e
r 
te
s
t 
a
d
m
in
is
tr
a
ti
o
n
 
w
a
s
 b
li
n
d
e
d

 b
e
h
a
v
io
ra
l 
p
ro
b
le
m
s
N
a
m
a
z
i 
e
t 
a
l.
, 
1
9
9
5
N
u
rs
in
g
 h
o
m
e
 r
e
s
id
e
n
ts
 w
it
h
 
A
D
1
1
 i
n
te
rv
e
n
ti
o
n
M
e
a
n
 M
M
S
E
=
1
3
.7
1
1
 c
o
n
tr
o
l
M
e
a
n
 M
M
S
E
=
1
2
.5
In
fo
rm
a
ti
o
n
 a
b
o
u
t 
ra
n
d
o
m
iz
a
ti
o
n
 i
s
 a
b
s
e
n
t
In
te
rv
e
n
ti
o
n
: 
F
o
rt
y
-m
in
 m
il
d
 e
x
e
rc
is
e
/m
o
v
e
m
e
n
t 
p
ro
g
ra
m
, 
7
 d
a
y
s
 a
 w
e
e
k
 f
o
r 
4
 w
e
e
k
s
, 
b
y
 s
tu
d
e
n
ts
C
o
n
tr
o
l:
 S
o
c
ia
l 
a
c
ti
v
it
y
 p
ro
g
ra
m
, 
in
c
lu
d
in
g
 r
e
a
d
in
g
 a
n
d
 
p
o
e
tr
y
, 
in
 t
h
e
 s
a
m
e
 f
re
q
u
e
n
c
y
S
le
e
p
 b
e
h
a
v
io
r 
lo
g
T
e
s
t 
a
d
m
in
is
tr
a
ti
o
n
 w
a
s
 b
li
n
d
e
d

 n
ig
h
t 
ti
m
e
 r
e
s
tl
e
s
s
 b
e
h
a
v
io
r
F
ra
n
c
e
s
e
 e
t 
a
l.
, 
1
9
9
7
N
u
rs
in
g
 h
o
m
e
 r
e
s
id
e
n
ts
 w
it
h
 
A
D
6
 i
n
te
rv
e
n
ti
o
n
5
 c
o
n
tr
o
l
In
fo
rm
a
ti
o
n
 a
b
o
u
t 
ra
n
d
o
m
iz
a
ti
o
n
 i
s
 a
b
s
e
n
t
E
x
e
rc
is
e
 p
ro
g
ra
m
 u
s
in
g
 b
a
ll
s
 a
n
d
 c
a
n
e
s
, 
a
c
c
o
m
p
a
n
ie
d
 
b
y
 m
u
s
ic
 f
o
r 
2
0
 m
in
, 
3
 t
im
e
s
 a
 w
e
e
k
 f
o
r 
7
 w
e
e
k
s
, 
re
s
e
a
rc
h
e
r 
a
n
d
 v
o
lu
n
te
e
rs
S
tr
e
n
g
th
 m
e
a
s
u
re
B
a
la
n
c
e
 m
e
a
s
u
re
A
D
L
 s
c
a
le
U
n
c
le
a
r 
w
h
e
th
e
r 
te
s
t 
a
d
m
in
is
tr
a
ti
o
n
 
w
a
s
 b
li
n
d
e
d

 s
tr
e
n
g
th

 b
a
la
n
c
e
N
o
 c
h
a
n
g
e
 i
n
 A
D
L
W
IT
H
IN
 S
U
B
J
E
C
T
S
 (
P
R
E
-P
O
S
T
) 
A
N
A
L
Y
S
E
S
A
rk
in
, 
1
9
9
9
C
o
m
m
u
n
it
y
 d
w
e
ll
in
g
 A
D
 
p
a
ti
e
n
ts
 
N
=
1
4
T
w
ic
e
 w
e
e
k
ly
 a
e
ro
b
ic
s
 &
 w
e
ig
h
ts
 f
o
r 
1
0
 o
r 
2
0
 w
e
e
k
s
 
fo
r 
a
 m
e
a
n
 o
f 
3
0
 m
in
, 
b
y
 s
tu
d
e
n
ts
F
it
n
e
s
s
 m
e
a
s
u
re
s
 
M
o
o
d
 q
u
e
s
ti
o
n
n
a
ir
e
s
U
n
c
le
a
r 
w
h
e
th
e
r 
te
s
t 
a
d
m
in
is
tr
a
ti
o
n
 
w
a
s
 b
li
n
d
e
d

 f
it
n
e
s
s

 m
o
o
d
A
rk
in
, 
2
0
0
1
C
o
m
m
u
n
it
y
 d
w
e
ll
in
g
 A
D
 
p
a
ti
e
n
ts
 a
n
d
 n
u
rs
in
g
 h
o
m
e
 
re
s
id
e
n
ts
 w
it
h
 A
D
 N
=
1
1
; 
M
e
a
n
 M
M
S
E
=
2
3
 
T
w
ic
e
 w
e
e
k
ly
 p
h
y
s
ic
a
l 
fi
tn
e
s
s
 t
ra
in
in
g
 o
f 
in
c
re
a
s
in
g
 
d
u
ra
ti
o
n
 f
o
r 
a
 m
e
a
n
 o
f 
3
0
 m
in
 f
o
r 
2
 x
 1
0
 w
e
e
k
s
, 
b
y
 
s
tu
d
e
n
ts
 
F
it
n
e
s
s
 m
e
a
s
u
re
s
M
o
o
d
 q
u
e
s
ti
o
n
n
a
ir
e
s
U
n
c
le
a
r 
w
h
e
th
e
r 
te
s
t 
a
d
m
in
is
tr
a
ti
o
n
 
w
a
s
 b
li
n
d
e
d

 f
it
n
e
s
s

 m
o
o
d
A
rk
in
, 
2
0
0
3
C
o
m
m
u
n
it
y
 d
w
e
ll
in
g
 A
D
 
p
a
ti
e
n
ts
 
N
=
2
4
; 
M
M
S
E
 1
5
-2
9
A
s
 f
o
r 
A
rk
in
 2
0
0
1
, 
p
lu
s
 1
0
 r
e
c
re
a
ti
o
n
a
l 
s
e
s
s
io
n
s
F
it
n
e
s
s
 m
e
a
s
u
re
s
M
o
o
d
 q
u
e
s
ti
o
n
n
a
ir
e
s
U
n
c
le
a
r 
w
h
e
th
e
r 
te
s
t 
a
d
m
in
is
tr
a
ti
o
n
 
w
a
s
 b
li
n
d
e
d

 f
it
n
e
s
s

 m
o
o
d
T
a
b
le
 3
.1
.
C
h
a
ra
c
te
ri
s
ti
c
s
 o
f 
s
tu
d
ie
s
 e
x
a
m
in
in
g
 t
h
e
 e
ff
e
c
ts
 o
f 
p
h
y
s
ic
a
l 
a
c
ti
v
it
y
 o
n
 b
e
h
a
v
io
r,
 s
le
e
p
 a
n
d
 f
u
n
c
ti
o
n
a
l 
a
b
il
it
y
 i
n
 c
o
g
n
it
iv
e
ly
 
im
p
a
ir
e
d
 o
ld
e
r 
p
e
o
p
le
. 
T
h
e
 s
tu
d
ie
s
 a
re
 c
la
s
s
if
ie
d
 a
c
c
o
rd
in
g
 t
o
 t
h
e
 c
ri
te
ri
a
 o
f 
M
iy
a
s
a
k
i 
e
t 
a
l.
, 
2
0
0
2
. 
(C
o
n
ti
n
u
e
d
)
C
O
N
T
R
O
L
L
E
D
 T
R
IA
L
S
A
U
T
H
O
R
S
P
A
R
T
IC
IP
A
N
T
S
/ 
S
E
T
T
IN
G
P
R
O
G
R
A
M
M
E
A
S
U
R
E
S
O
U
T
C
O
M
E
A
D
=
 A
lz
h
e
im
e
r’
s
 d
is
e
a
s
e
; 
A
D
L
=
 A
c
ti
v
it
ie
s
 o
f 
D
a
il
y
 L
if
e
; 
IA
D
L
=
 I
n
s
tr
u
m
e
n
ta
l 
A
c
ti
v
it
ie
s
 o
f 
D
a
il
y
 L
if
e
; 
M
M
S
E
=
M
in
i-
M
e
n
ta
l 
S
ta
te
 E
x
a
m
in
a
ti
o
n
; 
m
in
=
m
in
u
te
s
50
Chapter 3
C
h
a
p
te
r 
3
H
e
y
n
, 
2
0
0
3
N
u
rs
in
g
 h
o
m
e
 r
e
s
id
e
n
ts
 
N
=
1
3
; 
M
e
a
n
 M
M
S
E
=
7
.3
M
u
lt
i-
s
e
n
s
o
ry
 e
x
e
rc
is
e
 p
ro
g
ra
m
 (
fl
e
x
ib
il
it
y
, 
a
e
ro
b
ic
s
, 
s
tr
e
n
g
th
 s
tr
a
in
in
g
, 
re
la
x
a
ti
o
n
 t
e
c
h
n
iq
u
e
s
) 
a
c
c
o
m
p
a
-
n
ie
d
 b
y
 m
u
s
ic
 a
n
d
 i
n
c
lu
d
in
g
 s
to
ry
te
ll
in
g
/i
m
a
g
e
ry
 3
 
ti
m
e
s
 p
e
r 
w
e
e
k
 f
o
r 
3
 m
o
n
th
s
, 
d
u
ra
ti
o
n
 i
n
c
re
a
s
in
g
 
fr
o
m
 1
5
 t
o
 7
0
 m
in
, 
b
y
 a
n
 e
x
e
rc
is
e
 p
h
y
s
io
lo
g
is
t
M
o
o
d
 q
u
e
s
ti
o
n
n
a
ir
e
T
e
s
t 
a
d
m
in
is
tr
a
ti
o
n
 n
o
t 
b
li
n
d
e
d

 m
o
o
d
 f
o
r 
8
 p
a
rt
ic
ip
a
n
ts
5
 s
h
o
w
e
d
 n
o
 i
m
p
ro
v
e
m
e
n
t 
R
o
ll
a
n
d
 e
t 
a
l.
, 
2
0
0
0
N
u
rs
in
g
 h
o
m
e
 r
e
s
id
e
n
ts
 w
it
h
 
A
D
N
=
2
3
; 
M
e
a
n
 
M
M
S
E
=
1
6
.3
W
a
lk
in
g
 a
n
d
 r
id
in
g
 a
 c
y
c
le
 e
rg
o
m
e
te
r 
o
n
 a
lt
e
rn
a
te
 
d
a
y
s
, 
fo
r 
a
 m
e
a
n
 o
f 
7
 w
e
e
k
s
, 
d
u
ra
ti
o
n
 o
f 
1
0
-8
0
 m
in
, 
b
y
 c
a
re
g
iv
e
rs
A
u
to
n
o
m
y
 (
A
D
L
 s
c
a
le
 a
n
d
 I
A
D
L
 
s
c
a
le
)
B
e
h
a
v
io
ra
l 
q
u
e
s
ti
o
n
n
a
ir
e
F
a
m
il
y
 b
u
rd
e
n
 q
u
e
s
ti
o
n
n
a
ir
e
U
n
c
le
a
r 
w
h
e
th
e
r 
te
s
t 
a
d
m
in
is
tr
a
ti
o
n
 
w
a
s
 b
li
n
d
e
d
N
o
 c
h
a
n
g
e
 i
n
 a
u
to
n
o
m
y

 b
e
h
a
v
io
ra
l 
p
ro
b
le
m
s
N
o
 c
h
a
n
g
e
 i
n
 p
e
rc
e
iv
e
d
 f
a
m
il
y
 
b
u
rd
e
n
R
o
b
b
, 
1
9
8
5
M
a
le
 n
u
rs
in
g
 h
o
m
e
 r
e
s
id
e
n
ts
N
=
2
0
1
2
-w
e
e
k
 e
x
e
rc
is
e
 p
ro
g
ra
m
, 
u
n
c
le
a
r 
b
y
 w
h
o
m
N
o
 i
n
fo
rm
a
ti
o
n
 o
n
 s
p
e
c
if
ic
 m
e
a
s
u
re
s
 
u
s
e
d

 w
a
n
d
e
ri
n
g
 d
u
ri
n
g
 t
h
e
 n
ig
h
t
N
o
 c
h
a
n
g
e
 i
n
 d
a
y
ti
m
e
 w
a
n
d
e
ri
n
g
N
o
 c
h
a
n
g
e
 i
n
 p
h
y
s
ic
a
l 
fi
tn
e
s
s
W
IT
H
IN
 S
U
B
J
E
C
T
S
 (
N
O
 P
R
O
P
E
R
 S
T
A
T
IS
T
IC
A
L
 A
N
A
L
Y
S
IS
)
T
ru
d
e
a
u
 e
t 
a
l.
, 
2
0
0
3
N
u
rs
in
g
 h
o
m
e
 r
e
s
id
e
n
ts
 w
it
h
 
A
D
N
=
6
R
o
ll
in
g
 w
a
lk
e
r 
s
e
s
s
io
n
s
 (
m
e
a
n
 o
f 
6
9
 m
in
),
 f
re
e
ly
 e
x
p
e
-
ri
e
n
c
in
g
 t
h
e
 e
n
v
ir
o
n
m
e
n
t,
 b
y
 a
 r
e
s
e
a
rc
h
e
r 
O
b
s
e
rv
a
ti
o
n
s
 o
f 
a
g
it
a
ti
o
n
 a
n
d
 m
o
o
d
 
d
u
ri
n
g
 i
n
te
rv
e
n
ti
o
n
B
li
n
d
e
d
 t
e
s
t 
a
d
m
in
is
tr
a
ti
o
n
 i
m
p
o
s
s
ib
le

 a
g
it
a
ti
o
n

 m
o
o
d
P
a
lo
-B
e
n
g
ts
s
o
n
 &
 
E
k
m
a
n
, 
2
0
0
2
N
u
rs
in
g
 h
o
m
e
 r
e
s
id
e
n
ts
 w
it
h
 
d
e
m
e
n
ti
a
 a
n
d
 o
n
e
 c
o
m
m
u
-
n
it
y
-d
w
e
ll
in
g
 p
e
rs
o
n
 w
it
h
 
d
e
m
e
n
ti
a
N
=
6
4
5
-m
in
 d
a
n
c
e
 e
v
e
n
ts
 o
n
c
e
 a
 m
o
n
th
 o
r 
d
a
il
y
 w
a
lk
s
 f
o
r 
2
0
-4
5
 m
in
, 
b
y
 c
a
re
g
iv
e
rs
O
b
s
e
rv
a
ti
o
n
 o
f 
1
) 
th
e
 e
n
g
a
g
e
d
 b
o
d
y
, 
2
) 
th
e
 c
a
re
g
iv
e
rs
’ 
u
n
d
e
rs
ta
n
d
in
g
, 
e
n
c
o
u
ra
g
e
m
e
n
t,
 a
n
d
 r
e
s
p
o
n
s
e
 t
o
 t
h
e
 
p
a
ti
e
n
t,
 3
) 
m
u
tu
a
l 
te
n
d
e
rn
e
s
s
 a
n
d
 
c
o
m
m
u
n
io
n
, 
a
n
d
 4
) 
e
n
v
ir
o
n
m
e
n
ta
l 
c
o
n
d
it
io
n
s
 d
u
ri
n
g
 i
n
te
rv
e
n
ti
o
n
B
li
n
d
e
d
 t
e
s
t 
a
d
m
in
is
tr
a
ti
o
n
 i
m
p
o
s
s
ib
le
M
o
re
 e
m
o
ti
o
n
a
l 
re
s
p
o
n
s
e
s
 d
u
ri
n
g
 
th
e
 d
a
n
c
e
 e
v
e
n
ts

 t
e
n
d
e
rn
e
s
s
 i
n
 c
o
m
m
u
n
ic
a
ti
o
n
 
in
 b
o
t
h
 g
ro
u
p
s
M
e
d
d
a
u
g
h
, 
1
9
8
7
N
u
rs
in
g
 h
o
m
e
 r
e
s
id
e
n
ts
N
=
9
M
e
a
n
 1
.5
 s
e
s
s
io
n
s
 a
 w
e
e
k
 o
f 
e
x
e
rc
is
e
 t
o
 m
u
s
ic
 f
o
r 
9
 
w
e
e
k
s
, 
b
y
 a
 s
tu
d
e
n
t
D
e
s
c
ri
p
ti
o
n
s
 o
f 
s
o
c
ia
l 
in
te
ra
c
ti
o
n
, 
a
b
il
it
y
 t
o
 d
o
 t
h
e
 e
x
e
rc
is
e
s
, 
a
c
c
e
p
ta
b
le
 
a
n
d
 u
n
a
c
c
e
p
ta
b
le
 b
e
h
a
v
io
r

 a
b
il
it
y
 t
o
 p
e
rf
o
rm
 e
x
e
rc
is
e
s

 s
w
e
a
ri
n
g
 b
y
 o
n
e
 p
a
rt
ic
ip
a
n
t
s
o
m
e
 p
a
rt
ic
ip
a
n
ts
 s
m
il
e
d
 a
t 
e
a
c
h
 
o
th
e
r 
n
o
w
 a
n
d
 t
h
e
n
T
a
b
le
 3
.1
.
C
h
a
ra
c
te
ri
s
ti
c
s
 o
f 
s
tu
d
ie
s
 e
x
a
m
in
in
g
 t
h
e
 e
ff
e
c
ts
 o
f 
p
h
y
s
ic
a
l 
a
c
ti
v
it
y
 o
n
 b
e
h
a
v
io
r,
 s
le
e
p
 a
n
d
 f
u
n
c
ti
o
n
a
l 
a
b
il
it
y
 i
n
 c
o
g
n
it
iv
e
ly
 
im
p
a
ir
e
d
 o
ld
e
r 
p
e
o
p
le
. 
T
h
e
 s
tu
d
ie
s
 a
re
 c
la
s
s
if
ie
d
 a
c
c
o
rd
in
g
 t
o
 t
h
e
 c
ri
te
ri
a
 o
f 
M
iy
a
s
a
k
i 
e
t 
a
l.
, 
2
0
0
2
. 
(C
o
n
ti
n
u
e
d
)
C
O
N
T
R
O
L
L
E
D
 T
R
IA
L
S
A
U
T
H
O
R
S
P
A
R
T
IC
IP
A
N
T
S
/ 
S
E
T
T
IN
G
P
R
O
G
R
A
M
M
E
A
S
U
R
E
S
O
U
T
C
O
M
E
A
D
=
 A
lz
h
e
im
e
r’
s
 d
is
e
a
s
e
; 
A
D
L
=
 A
c
ti
v
it
ie
s
 o
f 
D
a
il
y
 L
if
e
; 
IA
D
L
=
 I
n
s
tr
u
m
e
n
ta
l 
A
c
ti
v
it
ie
s
 o
f 
D
a
il
y
 L
if
e
; 
M
M
S
E
=
M
in
i-
M
e
n
ta
l 
S
ta
te
 E
x
a
m
in
a
ti
o
n
; 
m
in
=
m
in
u
te
s
51
C
h
a
p
te
r 3
Physical activity and behavior in dementia
EFFECTS OF PHYSICAL ACTIVITY ON SLEEP 
Effects of exercise on sleep were examined in six studies (see Table 3.1). In five
studies participants lived in care homes and for one they were community-dwelling.
Five could be subdivided into the three Classes of Miyasaki et al., (2002). The sixth
used a within-subjects design. All Class I studies made use of an objective measure-
ment of sleep, i.e. wrist activity monitors. 
Crucially, all three Class I studies (Alessi et al., 1999; Alessi et al., 2005;
McCurry et al., 2005) showed a beneficial effect of the exercise intervention on sleep,
i.e. increased night time sleep and reduced night time awakenings. This consistency in
findings classifies exercise as level A (Miyasaki et al., 2002): i.e. established as effec-
tive for sleep in this population. It is noteworthy, that in one of the three studies
(McCurry et al., 2005) for community-dwelling AD patients, the intervention was
carried out by the family caregiver. The Class II study (Alessi et al., 1995) used the
same exercise intervention as the previous Class I study (Alessi et al. 1999), but no
positive effect on sleep was shown. This apparent inconsistency might be explained
by differences in the participant groups at baseline in that the percentage of sleep in
the Class I study (Alessi et al., 1999) improved from 51% to 62.5% and the duration
of sleep episodes increased from 11 minutes to 16 minutes, whilst in the earlier study
(Alessi et al., 1995), participants had better sleep at baseline i.e. 70% with sleep
episodes of 16 minutes. This might explain the larger effect of exercise on sleep in the
second study by Alessi and colleagues (1999) and suggests that people with poor
sleep may show better outcomes than those with relatively mild sleep disturbance.
Both the Class III study (Namazi, Zadorozki, & Gwinnup, 1995) as well as the study
that used a within-subjects design (Robb, 1985) found a decrease of night-time rest-
lessness.
In sum, physical activity appears to have to have a beneficial impact on the
quality of sleep.
EFFECTS OF PHYSICAL ACTIVITY ON FUNCTIONAL ABILITY
Six studies were found on the effects of exercise on the performance of ADL (see
Table 3.1), all of which used participants living in a care home. These could be subdi-
vided into one Class I study, three Class II studies and one Class III study. The remain-
ing study used a within-subjects design. The only Class I study in this area (Baum,
Jarjoura, Polen, Faur, & Rutecki, 2003) showed a positive effect of the exercise
program on functional ability. This finding leads to the classification of exercise as
level A (Miyasaki et al., 2002): established as effective for functional ability in this
population. The three Class II studies showed inconsistent results. One study (Meule-
man, Brechue, Kubilis, & Lowenthal, 2000) only showed a positive effect on functional
ability in the most dysfunctional at baseline. Two Class II studies (Cott, Dawson,
Sidani, & Wells, 2002; Mulrow et al., 1994) did not show a beneficial effect. Similarly,
both a Class III study (Francese, Sorrell, & Butler, 1997) and within-subjects design
(Rolland et al., 2000) did not show any benefit of exercise on the performance of ADL.
Compared to the Class I study that showed a positive outcome (Baum et al., 2003), all
other exercise interventions were of a shorter duration (1 hr versus 30 or 30-45
minutes) and used a shorter treatment period (6 months versus 4-16 weeks). Thus a
long-term exercise program seems to be necessary to improve outcomes on functional
ability.
Taken together, physical activity may have positive effects on functional ability,
in care home residents, but only when a long-lasting exercise program is applied.
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DISCUSSION AND CONCLUSION
Of the 27 relevant studies, most focussed on the effects of an exercise program on
affective behavior, although some also examined effects on other behavior such as
sleep. The reported studies on the effects on mood show inconsistent findings.
However, taking methodological quality into consideration and comparing the type of
interventions, it can be concluded that some types of exercise can have a beneficial
influence on affective behavior.  An exercise program that is performed several times a
week,  for at least 30 minutes and that includes walking seems to have a positive
impact on mood. Studies examining the effects of physical activity on sleep were few,
but showed positive effects on both sleep quantity and quality, particularly in people
with mild sleep disturbance. It is noteworthy that Class I studies, using objective sleep
outcome measures (Alessi et al., 1999; Alessi et al., 2005; McCurry et al., 2005),
involved frequent exercise sessions throughout the week (daily or multiple times a
day). Studies that examined the effects of exercise on functional ability, demonstrated
one methodologically sound study with positive results (Baum et al., 2003), whereas
other showed no change. Analysis of the various intervention parameters suggest that
an exercise program should be offered over at least a six month period with an
exercise duration session of one hour three times a week (Baum et al., 2003). All
studies were carried out in care homes and rehabilitation is often driven by experience,
i.e. environmental conditions and training (Döbrössy & Dunnett 2001). Thus, in order
to benefit the decrease in ADL that is characteristic for people with dementia (Avila, et
al., 2004), the effects of an exercise intervention on ALD may be enhanced for care
home residents, when combined with training in maximizing functional skills. 
All specific behaviors that were outcome measures in the intervention studies
reviewed in the present paper are known for the effects they can have on the burden
of primary caregivers. More specifically, disruptive behavior (i.e. depression, agitation
and irritability) is seen to have a more devastating impact on caregivers, as compared
with cognitive problems (Donaldson et al., 1998). Other disruptive behaviors such as
sleep disturbances (i.e. nightly restlessness and wandering) also contribute to care-
giver distress (Hope et al., 2001) and are a predictor of institutionalization (Schur &
Whitlatch, 2003). The severity of disability in ADL is also a significant predictor of
institutionalization, due to the increased burden that is placed on the caregiver
(Lindsay & Anderson, 2004). Exercise interventions reviewed in this paper have gener-
ally resulted in positive effects on all of the above mentioned types of behavior and
caregivers may be able to successfully implement the intervention themselves
(McCurry et al., 2005; Teri et al., 2003; Rolland et al., 2000; Palo-Bengtsson &
Ekman, 2002). Family caregivers may also benefit directly from an exercise program
(King, Baumann, O'Sullivan, Wilcox, & Castro, 2002). A moderate-intensity endurance
exercise program (brisk walking) for about 35 minutes, three or four times a week, for
12 weeks was performed by 45 female caregivers, compared with forty female care-
givers controls who participated in a telephone-based nutrition education program con-
sisting of 15 telephone sessions during 12 weeks. The exercise group showed
improvements in stress-induced cardiovascular reactivity and self-reported sleep
quality. Both groups were found to experience decreased psychological distress (King
et al., 2002). 
Thus psychosocial interventions in primary care that include an exercise
program such as active walking is recommended for both people with dementia and
family caregivers, who can thus engage in meaningful activity together. The effects of
physical activity and exercise on the subjective experience of caregivers (Andrén &
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Elmståhl, 2005), maintenance of care at home (Yaffe et al., 2002) and the economical
burden of dementia (Trabucchi, 1999), requires further prospective evaluation. The
studies reviewed suggest that: exercise programs should include a walking activity and
take at least 30 minutes in order to benefit mood; exercise should be offered fre-
quently during the week, irrespective of duration, to achieve a positive impact on
sleep; care home residents need a long-term exercise program with extensive sessions
if a positive impact on their ADL, is to be achieved. 
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ABSTRACT
Physical activity is positively associated with the rest-activity rhythm and cognition. In
the present study, nursing staff classified ambulatory nursing home residents with
moderate dementia either as active (n=42) or as sedentary (n=34). The rest-activity
rhythm was assessed by actigraphy, and neuropsychological tests were administered
to assess cognitive functioning. Compared to the sedentary group, the active group
had a significantly better rest-activity rhythm, and some tests also indicated better
cognitive functioning. However, no direct relationships were observed between
daytime activity, the rest-activity variables and the cognitive variables. Similar ambula-
tory nursing home residents with dementia may show considerable differences in their
level of daily physical activity, rest-activity rhythm, and small differences in cognitive
functioning, but the precise relationship between all variables requires further investi-
gation. 
INTRODUCTION
Several important behavioral phenomena (e.g.,rest-activity and sleep-wakefulness) are
known to show a circadian rhythm, i.e. a rhythm of approximately 24 hours (Van
Someren, Mirmiran & Swaab, 1993). A disturbance in the circadian rest-activity
rhythm indicates a dampening of the circadian rhythm amplitude, implying that the dif-
ference between periods of rest and activity becomes smaller (Van Someren et al.,
1993). In older people, deterioration of the rest-activity rhythm is common, and rest-
activity rhythm disturbances are even more pronounced in older people with dementia
(Ancoli-Israel et al., 1997; Van Someren et al., 1996). For example, rest-activity
rhythm disturbances in Alzheimer’s disease (AD) are characterized by a decrease in the
stability of the rhythm between days, a higher fragmentation of the rhythm within 24
hours, less activity during the day, and nocturnal restlessness (Van Someren et al.,
1996). The rest-activity rhythm in AD is characterized by a weak coupling to environ-
mental cues like light exposure and physical activity, i.e. zeitgebers (Ancoli-Israel et
al., 1997; Van Someren et al., 1996). There are several factors that may have a
negative impact on the rest-activity rhythm in dementia. Living in a nursing home may
have a negative influence on the rest-activity rhythm because of the associated
acoustic noise and nightly nursing care routine (Schnelle, Alessi, Al-Samarrai, Fricker,
& Ouslander., 1999). In addition, co-morbid conditions like sleep-disordered breathing
(Gehrman et al., 2003) and polypharmacy (Cramer, Chaponis, Bauwens, & Chamber-
lain, 1999) are associated with rest-activity disturbances. In AD, particularly the dys-
regulation of the suprachiasmatic nucleus (SCN) is reported to play a pivotal role in the
often disturbed rest-activity rhythm (Van Someren et al., 1996). 
Several researchers have emphasized the complexity of factors that influence
the rest-activity rhythm in dementia (e.g. McCurry & Ancoli-Israel, 2003). One factor
that has repeatedly been linked to rest-activity disturbance in dementia is level of
physical activity. More specifically, rest-activity rhythm disturbances in AD patients
are strongly associated with decreased levels of daytime physical activity (Van
Someren et al., 1996). In addition, nursing home residents with dementia show more
rest-activity disturbances and less daytime physical activities than residents without
dementia (Paavilainen et al., 2005). Also, a higher level of physical activity is related to
rest-activity rhythm maintenance in nursing home residents with dementia (Sullivan &
Richards, 2004). In view of this relationship between physical activity and the rest-
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activity rhythm, it is not surprising that nursing home residents with dementia that are
confined to a wheelchair show the most severe disturbance of the rest-activity rhythm
(Richards, Beck, Shue, & O’Sullivan, 2005). 
Some reseachers have reported correlations between rest-activity disturbances
and dementia severity (Bliwise, 2004). However, others have reported an inverted U
relationship between rest-activity disturbances and cognitive functioning in dementia,
implying that dementia severity is correlated with rest-activity disturbance, but peaks
at a certain severity after which more severe dementia is related to less rest-activity
disturbance (Van Someren et al, 1996). In people with dementia in a moderate stage,
a disturbed rest-activity rhythm appeared to be related to cognitive dysfunction
(McCurry et al., 1999). In addition, daytime sleepiness is associated with cognitive
dysfunction in AD patients (Bonanni et al., 2005). In a group of older women with
dementia living in assisted care facilities, stability of the rest-activity rhythm between
days was associated with cognitive functioning (Carvalho-Bos, Riemersma-Van Der
Lek, Waterhouse, Reilly, & Van Someren, 2007). A possible mechanism could be
choline hypofunction in AD, which plays a pivotal role in both the disruption of the
rest-activity rhythm as well as in cognitive dysfunction (Schliebs & Arendt, 2006). 
Adding to the complexity of the story, physical activity and cognition are associ-
ated with each other as well. More specifically, higher levels of physical activity are
associated with higher levels of cognitive functioning, especially executive functioning
and, consequently, with a reduction of the risk for dementia (Churchill et al., 2002;
Scherder, Eggermont, Sergeant, & Boersma, 2007). In order to benefit both the rest-
activity rhythm as well as cognition of older nursing home residents with dementia,
encouragements have been made to increase their daytime physical activity (Koch,
Haesler, Tiziani, & Wilson, 2006). The level of physical activity can differ between
nursing home residents; ambulatory nursing home residents may also show varying
levels of physical activity, e.g. differences in endurance and speed of movement
(Kochersberger, McConnell, Kuchibhatla, & Pieper, 1996). In addition, being able to
walk does not necessarily mean being physically active. Crucially, initiating physical
activities is considered to be part of executive functioning, and executive functioning
is often impaired in older people with dementia (Stout, Wyman, Johnson, Peavy, &
Salmon, 2003). For instance in AD patients, apathy is very common (Craig et al.,
2005) and it is associated with impairment in activities of daily living (ADL) (Stout et
al., 2003). Moreover, older women with dementia living in assisted care facilities who
engaged in few daytime physical activities had the most impaired ADL (Carvalho-Bos
et al., 2007), which are in turn, known to rely heavily on executive functioning
(Scherder et al., 2007). 
The abovementioned results suggest that some older people with dementia do
not engage in physical activities, e.g. walking, despite being physically capable to
(Scherder et al., 2007). Consequently, a given sample of people with dementia living
on psycho-geriatric wards may show varying levels and patterns of daytime physical
activity. Notably, some older people with dementia are known to show excessive
motor behavior such as pacing (Van Someren et al., 1996), and even pacing can be
reflected as a stronger rest-activity rhythm (Van Someren et al., 1996). However,
pacing is a type of physical activity that can hardly be resolved by the nursing staff
(Hermans, Htay, & McShane, 2007). In view of possible interventions applied in the
nursing home setting, this type of behavior is not the focus of the study. Rather, focus
will be on goal-directed behavior, which may be particularly encouraged by the nursing
home staff. In the present study it will be investigated whether ambulatory nursing
home residents at a similar stage of dementia vary in their level of goal-directed
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physical activity, and whether this variation in daytime physical activity is reflected in
the rest-activity rhythm and cognitive functioning. We hypothesized that sedentary
residents will show greater disturbances of the rest-activity rhythm and of cognitive
functioning (e.g. executive functioning) than active residents. 
METHODS
PARTICIPANTS
Participant selection. A convenience sample of nursing home residents was
recruited from several long-term care facilities in the Netherlands. This study was part
of a larger study for which approval was granted by the local Medical Ethical Commit-
tee. All participants gave their oral consent and their families or caretakers gave
written consent. Inclusion criteria were: 1) over 70 years old; 2) diagnosis of dementia
or presence of cognitive deterioration reported in the medical status. The reason to
focus on older nursing home residents with dementia is that particularly these individu-
als show a loss of initiation (Scherder et al., 2007); 3) a mean Mini-Mental State
Examination (MMSE; Folstein, Folstein, & McHugh, 1975) score between 10 and 24;
4) being ambulatory: being capable of walking short distances with or without a
walking aid (e.g. cane or walker).
Exclusion criteria were 1) reports by the nursing staff of pacing behavior. The
present study focuses on goal-directed physical activity (e.g., walking to sit more
closely to the window or to get something to drink; 2) a medical diagnosis of a neuro-
degenerative disease characterized by movement disabilities, such as Parkinson’s
disease or Huntington’s disease; 3) the current presence of psychiatric disorders that
may influence cognition (e.g., psychosis and delirium, disturbances of consciousness,
and alcohol abuse); 4) documentation in the medical status of a history of conditions
that may influence cognition or locomotion, such as head injury, hydrocephalus, and
epilepsy (Swaab, 2004). Application of the inclusion and exclusion criteria resulted in
an active group of 42 persons (34 females) and a sedentary group of 34 (32 females). 
Participant classification. In order to facilitate application of the present findings
to the nursing home setting1, and corroborating with evidence that nurses’ evaluations
of the level of activity parallel actigraphy data and data from an accelerometer (Koch-
ersberger et al., 1996; Nagels et al., 2007), the nursing staff was asked to discrimi-
nate sedentary and active residents. An alternative method to categorize the level of
daytime physical activity would have been the assessment with official ADL question-
naires. However, these questionnaires are cumbersome and rather time-consuming
(Cullum et al., 2001). Residents were classified as active if they had performed at least
two of the following activities within a 2-week time: 1) walking over the ward for
reasons other than attending meals; in other words, taking initiative to change location
during the day; 2) participating in trips outside the nursing home not using a wheel-
chair; 3) participating in scheduled activities, such as callisthenics or games, e.g.
playing shuffleboard; 4) helping with cooking chores such as washing the dishes. 
1. The current approach was chosen because, in the nursing home setting, the application of acti-
watches is limited due to the costs of the device and appropriate software, know-how of analyzing 
the data, and there have been reports of non-compliance of nursing home residents with dementia 
(Van Someren, Kessler, Mirmiran, & Swaab, 1997)
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Education, co-morbidity and medication. Level of education was determined by
a seven-point scale ranging from 1 (less than elementary school) to 7 (university) (Ver-
hage, 1964). Since depressive symptoms are associated with rest-activity rhythm dis-
turbances (Carvalho-Bos et al., 2007) and cognitive dysfunction (Swaab, 2004), we
used a Dutch version of the Geriatric Depression Scale (GDS; Kok, Heeren, & Van
Hemert, 1993; see also Yesavage et al., 1982) to determine the level of depressive
symptoms (a higher score indicating more feelings of depression, max. score is 30).
The Dutch GDS is a validated, pretested translation with similar or somewhat better
psychometric properties compared to the Dutch version of Beck’s Depression Scale
(Kok et al., 1993). 
We also took into account the number of visual disturbances (e.g., macula
degeneration, current cataract) because problems of the visual system may have a
negative impact on the rest-activity rhythm, due to reduced input to light sensitive
parts of the circadian timing system (Swaab, 2004). Note that other co-morbid condi-
tions may also influence the rest-activity pattern and general well-being and thus influ-
ence the level of daily physical activity (see Swaab, 2004). In particular, painful
conditions of the locomotor apparatus (e.g., arthritis, osteoporosis or gout) may hinder
active participation in daily activities and lead to rest-activity rhythm disturbances
(Roberto, Gigliotti, & Husser, 2005). In addition, cardiovascular disease is frequently
present in dementia (Scherder et al., 2007) and associated with physical activity limi-
tations (Fonarow, 2006). Therefore, conditions that were reported in the medical
status or for which medication was prescribed were extracted from the medical status
and classified into specific categories. Finally, we also recorded types of medication
and particularly specific types of psychoactive medication that are known to affect
rest-activity rhythm or cognition as a side-effect (e.g., anti-psychotics; Schweitzer,
2000). 
INSTRUMENTS
Rest-activity rhythm
We collected rest-activity data using the Actiwatch activity monitor (Cambridge Neuro-
technology Ltd., Cambridge, Great Britain). Actiwatches are small, light-weight wrist-
worn activity monitors that resemble small wrist watches. They are worn on the
dominant wrist to minimize any burden to the participant. The participants wore the
actiwatch for 4 consecutive days. Actiwatch data were analyzed with a sleep analysis
program (Software: Actiwatch Sleep Analysis 2001, Cambridge Neurotechnology Ltd.
Version 1.06). The following non-parametric variables (for a more detailed description,
see Van Someren et al., 1999; Carvalho-Bos et al., 2007) were computed: 
Interdaily Stability is a measure of the degree of resemblance between activity
patterns of individual days and gives an indication of the strength of coupling between
the rest-activity rhythm to zeitgebers (e.g., light input). Higher values indicate a more
stable rhythm.
Intradaily Variability represents the fragmentation of periods of rest and activity.
Normal rest-activity patterns will show one major active period (day) and one major
inactive period (night) and therefore show a low Intradaily Variability. Higher values
indicate a more fragmented rhythm.
Relative Amplitude represents the normalized difference between the most
active 10-hour period in the 24-hour cycle (M10) in relation to uninterrupted least
active 5-hour period (L5). Higher values indicate a larger difference between daytime
activity and night time rest and thus a stronger rhythm. Within the scope of the
present study, the level of daytime physical activity was calculated between 8:00 a.m.
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and 8:00 p.m. We also calculated the level of physical activity during the night
(between 12:00 a.m. and 6:00 a.m.) to control for nocturnal restlessness (with higher
values indicating more activity).
Total Rest-Activity score. The three main rest-activity rhythm variables Inter-
daily Stability, the inverted Intradaily Variability, and Relative Amplitude were con-
verted into z-scores and combined to one ‘Total Rest-Activity score’ (Cronbach’s
alpha: .77).
Cognitive functioning
The cognitive outcome measures represented:
Mini-Mental State Examination (MMSE; Folstein et al., 1975). The MMSE
involves items that assess orientation, recall, attention, calculation, language, praxis,
and visuoconstructive abilities (maximum score is 30), and provides a measure of
global cognitive functioning. The measure is also used to indicate the severity of
dementia, with a range of 17 ≤ x ≤ 24 indicating mild/moderate dementia and an
MMSE score of <17 indicating more severe dementia (Bokde et al., 2005). 
Digit Span (forward and backward). This test is a subtest of the Wechsler
Memory Scale-Revised (WMS-R; Wechsler, 1987). The participant is asked to repeat
series of digits in the same order (forward), or in the reversed order (backward). The
total number of correctly recalled items forms the outcome variable (maximum score is
24). The test provides a measure of a patients’ verbal working memory (Wilde,
Strauss, & Tulsky, 2004). Digit Span has proven to be sufficiently reliable to be inter-
preted on its own (rx= 0.77) (Elwood, 1991). 
Category Fluency. This is a subtest of the Groninger Intelligentie Test (GIT)
(Snijders & Verhage, 1983). The participant is asked to name as many animals and
occupations, each during a one minute period. The total number of correctly named
items forms the outcome variable. This test measures the participants’ ability to
retrieve familiar information from semantic memory. The reliability and validity of the
GIT have been labelled as satisfactory by the Committee On Test Affairs Netherlands
(COTAN; Evers, Van Vliet-Mulder, & Groot, 2000). 
Rivermead Behavioral Memory Test (RBMT) (Wilson, Cockburn, & Baddeley,
1987). Two subtests of the RBMT were administered: ‘Face Recognition’ to measure
visual, non-verbal long-term memory (maximum score is 10) and ‘Picture Recognition’
to measure visual, verbal long-term memory (maximum score is 20). The RBMT is an
ecologically valid test to assess everyday memory problems (Wills, Clare, Shiel, &
Wilson, (2000), and has a high inter-rater reliability (Wilson et al., 1987). Scores on
both tests were converted to z-scores and formed one RBMT test score (Cronbach’s
alpha: .63).
Eight Words test (Lindeboom & Jonker, 1989). In this test the instructor reads
out eight words in a row. This process is repeated five times and every time the partic-
ipant is asked to recall as many words as possible. The first outcome measure is the
total of recalled words (Direct Recall; maximum score is 40). After 15 minutes the par-
ticipant is asked to recall as many words as possible (Delayed Recall; maximum
score=8). Next, the examiner names 16 words and the participant is asked to distin-
guish between words read before and words not read before by the examiner (Delayed
Recognition; maximum score=16). The three subtests of this test appeal to episodic
memory. Reliability and validity of this test are considered satisfactory (COTAN; Evers
et al., 2000). The three subtests were transformed into z-scores and combined to one
Eight Words test score (Cronbach’s alpha: .57).
Total Cognition score. All the cognitive variables were transformed into z-scores
and combined to one ‘Total Cognition score’ (Cronbach’s alpha: .81).
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STATISTICAL ANALYSIS
Data were analysed using SPSS version 11.5 (SPSS, Inc. Chicago, IL). Characteristics
of the participants were compared between groups using an independent-samples t-
test, a Chi-square test, or a Mann-Whitney U test. Analyses of variance (ANOVA) were
conducted on the rest-activity parameters and the cognitive tests. The relationships
between the main rest-activity rhythm variables and the cognitive variables were
explored within the total group by means of Pearson correlations. To control for
spurious results due to the multiple analyses performed in the present study, we used
an adjusted alpha-level of .01. (statistical results with significance levels of
.01 ≤ p ≤ .05 were considered as statistical trends). Effect sizes were estimated by the
partial eta squared (ηp
2), and interpreted as: small (ηp
2 
≈ 0.01), moderate (ηp
2 
≈ 0.06),
and large (ηp
2 > 0.13), following Cohen’s standard (Cohen, 1992b).
RESULTS
BASELINE CHARACTERISTICS
Mean age of all participants was 84.9 years and did not differ significantly between
the active and sedentary groups (for means, standard deviations and t-tests, see Table
4.1). All participants were mildly or moderately demented (MMSE range 10 – 24);
most people with dementia were in a moderate stage of dementia (median MMSE =
17). Level of education did not differ significantly between sedentary and active
groups (χ2 = 8.897, df = 5, p = .113). Participants revealed a diagnosis in their
medical status that was a) AD (n = 25), b) Vascular dementia (VaD) (n = 14), c) a
combination of AD and VaD (n = 5) or d) dementia not otherwise specified (n = 32).
The different types of dementias were equally distributed over both groups (see Table
4.1).
Mood. The GDS score did not differ significantly between the active and the
sedentary groups (see Table 4.1 for means and standard deviations). The two groups
did not differ in number of people that were prescribed anti-depressant medication (see
Table 4.1).
Co-morbidity and medication. There was no significant difference between the
two groups with respect to the total amount of medical diagnoses reported in the
medical status (Mann Whitney U: Z = -.75, p = .456) or with respect to types of
medication that were prescribed (Mann Whitney U: Z = -.89, p = .376). More specif-
ically, there were no differences between the two groups concerning number of total
conditions that affect the locomotor apparatus (Mann Whitney U: Z = -1.11, p =
.266), number of visual disturbances (Mann Whitney U: Z = -.59, p = .558), and total
number of psychoactive medication (Mann Whitney U: Z = -.193, p = .847). For
more specific types of co-morbidity (e.g. co-morbidities that affect locomotor appara-
tus, or macula degeneration and current cataract), see Table 4.1. Apart from a non-sig-
nificant difference concerning renal insufficiency, specific categories of illnesses did
not differ between groups (see Table 4.1). 
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REST-ACTIVITY RHYTHM
As expected, the level of activity between 8:00 a.m. and 8:00 p.m. indicated that
daytime physical activity was significantly higher in the active group compared with
the sedentary group (for means, standard deviations and statistics, see Table 4.2).
This difference showed a moderate-to-large effect size. The Total Rest-Activity score
Table 4.1. Participant characteristics 
ACTIVE GROUP 
(N=42)
SEDENTARY GROUP 
(N=34)
Demographics M SD M SD t df p
Age 84.2 5.1 85.6 4.2 -1.33 74 .189
Level of depression 8.0 5.1 8.3 5.4 -0.28 73^ .779
Diagnosis Frequency (%) χ2 df p
AD 15 (36%) 10 (29%) 0.338 1 .561
VaD 7 (17%) 7 (21%) 0.237 1 .661
AD + VaD 2 (5%) 3 (9%) 0.544 1 .478
Dementia NOS 18 (43%) 14 (41%) 0.004 1 .883
Locomotion-related conditions
Arthritis 7 (17%) 12 (35%) 3.477 1 .062
Osteoporosis 4 (10%) 3 (9%) 0.005 1 .916
Total hip 4 (10%) 4 (12%) 0.124 1 .752
Gout 2 (5%) 1 (3%) 0.148 1 .685
Rheumatism 3 (7%) 0 (0%) 2.468 1 .112
Neck and back problems 8 (19%) 8 (24%) 0.280 1 .634
Multiple (≥2) 14 (33%) 12 (35%) 0.032 1 .858
None 15 (36%) 9 (27%) 0.743 1 .389
Co-morbidity
Cardiovascular disorders 36  (86%) 31 (91%) 0.537 1 .464
Tumors 10 (24%) 4 (12%) 1.685 1 .178
Gastro-intestinal disorders 13 (31%) 11 (32%) 0.017 1 .896
Neuro- and radiculopathy 7 (17%) 10 (29%) 1.903 1 .185
Renal insufficiency 3 (7%) 8 (24%) 4.076 1 .044*
Pneumonic disease 13 (31%) 11 (32%) 0.040 1 .896
Endocrine disorders 10 (24%) 11 (32%) 0.792 1 .408
Macula degeneration 2 (5%) 3 (9%) 0.504 1 .478
Cataract 10 (24%) 7 (21%) 0.112 1 .738
Multiple (>2) 28 (67%) 23 (68%) 0.008 1 .928
Medication
Anti-depressants 5 (12%) 7 (21%) 1.159 1 .302
Sedatives 13 (31%) 13 (38%) 0.443 1 .506
Neuroleptics 8 (19%) 5 (15%) 0.206 1 .617
Choline-esterase inhibitors 3 (7%) 0 (0%) 2.468 1 .112
Analgesics 16 (38%) 11 (32%) 0.197 1 .603
Multiple (≥2) 14 (33%) 10 (29%) 0.134 1 .715
AD=Alzheimer’s disease; M=mean; NOS=Not Otherwise Specified; SD=standard deviation; VaD=Vascular dementia. ^ The score 
of one participant is missing due to incomprehension. *.01 ≤ p ≤ .05
65
C
h
a
p
te
r 4
Ambulatory but sedentary
differed significantly between both groups showing a moderate effect size. The active
group revealed a higher combined z-score. Concerning the main rest-activity variables,
the difference between the mean scores of both groups on the variable Intradaily Vari-
ability was significant, showing a moderate effect size. Intradaily Variability was lower
in the active group than in the sedentary group. Compared to the sedentary group, the
active group had higher mean scores on the variable Interdaily Stability, however this
difference was not significant, but showed a trend and a small-to moderate effect size.
Finally, mean scores on the Relative Amplitude variable differed between both groups,
although not significantly, but the difference showed a trend and a small-to-moderate
effect size; the sedentary group showed the smallest Relative Amplitude. The level of
physical activity during the night, i.e. between 12:00 a.m. and 6:00 a.m. did not differ
between the two groups (for means, standard deviations, and statistics, see Table
4.2). When the two groups were divided into persons with mild/moderate and more
severe dementia, the differences between the active and sedentary groups were more
pronounced in the subgroup that showed mild/moderate dementia (data not shown).
COGNITIVE FUNCTIONING
The Total Cognition score showed a difference between the two groups that did not
reach significance, but showed a trend and a small-to-moderate effect size. The active
group showed better performance compared to the sedentary group. With regard to
the separate cognitive tests, performance on the MMSE and the Digit Span test
differed between the two groups; however the differences also did not reach signifi-
cance, but showed trends and small-to-moderate effect sizes. On both tests, the mean
score was higher in the active group compared to the sedentary group. On the other
tests no differences were found (for means, standard deviations, and statistics, see
Table 4.2). In the analyses were the groups were divided into persons with mild/
moderate and more severe dementia, no significant differences were found between
the active and sedentary groups (data not shown).
Table 4.2. Means, standard deviations and univariate analysis of variance of the actigraphy 
variables and the neuropsychological tests. 
ACTIVE GROUP 
(N=42)
SEDENTARY GROUP 
(N=34)
ANOVA
Actigraphy variables M SD M SD F df p ηp
2
Activity 8 a.m-8 p.m. 133.74 64.95 92.29 44.66 10.00 1,74  .001** .119
Activity 12 a.m.-6 a.m. 39.82 30.86 32.67 19.73 1.38 1,74  .123 .018
Interdaily Stability 0.64 0.10 0.59 0.13 3.38 1,74  .035* .044
Intradaily Variability 1.22 0.27 1.38 0.32 5.99 1,74  .009** .075
Relative Amplitude 0.79 0.13 0.74 0.15 2.91 1,74  .046* .038
Total Rest-Activity score 0.21 0.73 -0.24 0.89 5.92 1,74  .009** .074
Cognitive tests M SD M SD F df p ηp
2
MMSE 17.93 3.92 16.24 3.83 3.58 1,74  .032* .046
Digit Span 9.05 2.72 8.03 2.34 2.95 1,74  .045* .038
Category Fluency 14.88 7.05 12.47 6.22 2.44 1,74  .062 .032
RBMT 0.07 0.80 -0.08 0.92 0.56 1,73  .223 .008
Eight Words test 0.03 0.68 -0.04 0.79 0.15 1,74  .348 .002
Total Cognition score 0.10 0.55 -0.12 0.62 2.66 1,74  .054* .035
ANOVA=Analysis of Variance; M=mean; MMSE=Mini-Mental State Examination; ηp
2=partial eta squared; RBMT=Rivermead Be-
havioral Memory Test; SD=standard deviation. One-sided p values were used. *01 ≤ p ≤ .05; **p<.01
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RELATIONSHIP BETWEEN THE REST-ACTIVITY RHYTHM VARIABLES AND THE COGNITIVE TESTS 
Correlations between the rest-activity variables, including level of activity during the
day and during the night, and the cognitive variables were not significant (see Table
4.3). Pearson correlations between Interdaily Stability and Category Fluency and the
Total Cognition score showed a trend, but correlations were low. Also, correlations
between the RBMT score and the Relative Amplitude and the Total Rest-Activity score
were low but showed trends.
DISCUSSION
Within this group of ambulatory nursing home residents with moderately advanced
dementia (median MMSE = 17), the actigraphy data revealed considerable differences
in daily physical activity level between the group that was considered active and the
group that was considered sedentary. In addition, compared to the active group, the
sedentary group showed a less stable rest-activity rhythm over several days, a more
fragmented rhythm within a day and a smaller difference between periods of rest and
activity (of course, the latter finding is not surprising in view of the overall lower level
of physical activity). Also, there were indications for a lower cognitive functioning in
the sedentary group, i.e. a lower performance on tests that measure global cognitive
functioning and working memory, which is considered an executive function (Churchill
et al., 2002). Indeed, physical activity is particularly known to stimulate cognitive
functions that partially rely on the frontal lobe, namely executive functions (Churchill
et al., 2002). Due to the cross-sectional nature of the present study, an alternative
explanation for our findings could be that better frontal functioning leads to more
physical activity during the day. It is plausible that other factors have also played a role
in the present findings. More specifically, no significant correlations were found
between the level of daytime physical activity and cognition in either group, implying
that the difference in cognitive functioning between the active and sedentary groups in
this study can not be explained simply by their level of daytime physical activity
measured by the actiwatch. 
There was a striking variability within this sample of ambulatory older nursing
home residents living on identical psycho-geriatric wards in terms of their daily level of
physical activity. Differences between the participants with respect to their rest-
Table 4.3. Pearson correlations (r) between the Rest-activity rhythm variables and the 
Cognitive variables in the total group 
TOTAL GROUP (N=76)
MMSE DS CFLU RBMT 8WT TOTCOG
r p r p r p r p r p r p
Activity 
8 a.m.– 8 p.m.
.07 .28 .14 .12 .13 .14 .11 .18 .06 .30 .14 .12
Activity
12 a.m.– 6 a.m.
.09 .22 -.01 .47 .09 .22 .03 .40 .09 .23 .07 .28
IS .13 .13 .10 .20 .26 .02* .17 .07 .08 .24 .19 .05*
IV -.04 .36 -.07 .29 -.01 .49 -.06 .30 .01 .47 -.03 .42
RA .07 .29 .08 .25 .11 .18 .25 .02* .04 .32 .17 .07
Total RA .10 .21 .10 .20 .15 .10 .20 .05* .05 .33 .16 .09
8WT=Eight Words test; CFLU=Category Fluency; DS=Digit Span; IS=Interdaily Stability; IV=Intradaily Variability; MMSE=Mini-
Mental State Examination; RA=Rest-Activity score; RBMT= Rivermead Behavioral Memory Test; TOTCOG=Total Cognition score.  
One-sided p values were used. *.01 ≤ p ≤ .05
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activity rhythm were of moderate magnitude and the differences with respect to cogni-
tion were small-to-moderate. When dividing the participants in people with mild/
moderate and more severe dementia, differences between the active and the seden-
tary groups were more apparent in the mild/moderate group concerning the rest-
activity rhythm, however differences in cognitive functioning between the active and
the sedentary groups disappeared, possibly due to limited power. Nonetheless, vari-
ability in the total group was shown, and the participants were all quite similar with
respect to age, level of dementia, and presence of co-morbidity. One may argue that it
appears to be so that the sedentary group was suffering from more (though not signif-
icant) locomotor disturbances. However, the people in the active group that did show
multiple co-morbidities of the locomotor apparatus did not show less physical activity
during the day compared with those without (data not shown). In other words, people
that are active are not hampered by multiple co-morbidities of the locomotor appara-
tus. 
Besides a variability of the rest-activity rhythm variables between both groups,
there was also a large intraindividual variability. This intraindividual variability might be
associated with age (Huang et al., 2002), the severity of cognitive impairment (Dixon
et al., 2007), or the nature of neurological disturbance (Burton, Strauss, Hultsch, Moll,
& Hunter, 2006). However, intraindividual variability does not necessarily indicate vul-
nerability in older people (Allaire & Marsiske, 2005). In addition to variability in the
rest-activity rhythm, intraindividual variability in dementia has been reported for e.g.
agitation, cognition, and physical function (Martin, Marler, Shochat, & Ancoli-Israel,
2000; Strauss, MacDonald, Hunter, Moll, & Hultsch, 2002). More specifically, nursing
home residents show a greater variability across cognitive domains that, in turn, is
associated with functional decline (Rapp, Schnaider-Beeri, Sano, Silverman, & Harou-
tunian, 2005).
At this point, we should note that several factors may limit the interpretation of
our findings. Firstly, level of depression was determined by the Geriatric Depression
Scale (GDS; Kok et al., 1993; Yesavage et al., 1982). Although the GDS has been
used in older people with dementia (Orsitto et al., 2007), some have argued that it
may not be the best way to assess symptoms of depression in dementia (Kørner et al.,
2006). Related to this issue, assessing symptoms of depression in older people with
dementia is difficult due to overlap of symptoms of depression and dementia, e.g. loss
of interest, reduced energy level, difficulty concentrating, and apathy (Hoogendijk,
1998). Future studies could benefit from an instrument that is specifically designed for
this particular population (e.g. the Cornell Scale for Depression in Dementia; Alexopou-
los, Abrams, Young, & Shamoian, 1988). A second limitation of the present study was
that we did not take into account exposure to light. One may argue that being more
active may be associated with receiving more input of light. Light is an important zeit-
geber in the rest-activity rhythm, and increased exposure to light benefits rest-activity
disturbances and may improve cognitive functioning in dementia (Ancoli-Israel et al.,
1997; Forbes et al., 2004). In future studies, this variable should be controlled for.
Thirdly, it remains uncertain what kind of physical activity the participants of the
present study were actually engaging in. Certain types of daily physical activities are
more strenuous than other types of activity, e.g. knitting versus setting the table
(Ainsworth et al., 1993). Unfortunately, it was not feasible in the present study to
continuously monitor the nursing home residents, due to the resulting work load of the
nursing staff. Finally, information on specific subtypes of dementia of the participants
was lacking. It may be the case that rest-activity disturbances differ across subtypes
of dementia. For example, patients with frontotemporal dementia can show more rest-
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activity disturbance compared to AD patients (Liu et al., 2004). Taking into account
dementia subtype allows for more specific inferences concerning the relationship
between physical activity, rest-activity rhythm and cognitive functioning. However,
this problem is difficult to resolve as a definite diagnosis of dementia subtype can only
be established by means of brain autopsy (Dickson, 2001).
To conclude, the present study examined the extent to which nursing home res-
idents show variability in physical activity, rest-activity rhythm, and cognitive function-
ing. We focused on ambulatory nursing home residents living on psycho-geriatric
wards. Although most patients were already in a moderately advanced stage of
dementia, we found considerable individual differences in the level of physical activity,
and rest-activity rhythm, and small differences in cognitive functioning. In line with
previous studies, nursing staff’s assessment of patient’s activity levels converged with
the results of our actigraphy measurements. Their accurate assessment is of clinical
significance because nursing staff have intimate contact with the residents and can
stimulate their activity levels. Future randomized controlled clinical trials can examine
whether nursing home residents with dementia benefit from extra stimulation by the
nursing staff to engage in more physical activity.
CHAPTER
WALKING WITH A ROLLATOR AND THE LEVEL OF 
PHYSICAL INTENSITY IN ADULTS 75 YEARS OF AGE 
OR OLDER
Eggermont, L.H., van Heuvelen, M.J., van Keeken, B.L., Hollander, A.P., & Scherder, E.J. 
(2006). Archives of Physical Medicine and Rehabilitation, 87, 733-736.
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ABSTRACT
Objective: To determine whether walking with a rollator, by persons 75 years of age or
older, is of sufficient intensity to improve aerobic fitness. 
Methods: Fifteen subjects 75 years of age or older (mean age, 83.7y) who could only
walk by using a rollator. During 6 minutes of self-paced treadmill walking using a
rollator at a mean walking speed of 0.6m/s, oxygen uptake (Vo2), carbon dioxide pro-
duction, and heart rate were determined. Respiratory exchange ratio (RER) and energy
expenditure were calculated. The energy expenditure was expressed as the number of
metabolic equivalents (METS), the percentage of estimated maximal Vo2 (Vo2max),
the percentage of estimated Vo2max reserve, and the percentage of estimated
maximal heart rate. 
Results: Mean Vo2 was .718L/min. Mean RER was .93 (95% confidence interval [CI],
.89−.97). Thirteen participants showed an RER below 1.0, which indicates a negligible
contribution of anaerobic expenditure. Walking with a rollator required a mean of 2.8
(95% CI, 2.4−3.2) METS, 71.9% of Vo2max (95% CI, 65.2%−78.6%), 50.5% (95%
CI, 39.4%−61.5%) of Vo2 reserve, and 75.2% (95% CI, 67.6%−82.8%) of estimated
maximal heart rate. 
Discussion: For people 75 years of age or older, walking with a rollator is an activity of
moderate to high level of intensity, with the capacity of improving aerobic fitness. 
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INTRODUCTION
There is increasing evidence of a positive relationship between physical activity, phys-
iologic parameters such as blood pressure, functional abilities, balance, flexibility,
muscle strength, and cognitive functioning in older adults (Churchill et al., 2002; De
Carvalho Bastone & Filho, 2004; Dibrezzo, Shadden, Raybon, & Powers, 2005;
Lazowski et al., 1999; Puggaard, Larsen, Stovringm, & Jeune, 2000; Van Gelder et
al., 2004) Cognitive functions are particularly vulnerable to aging (Braver & Berchm,
2002) and are crucial for independent living (Pugh & Lipsitz, 2002).   
Older adults with a decrease in physical activity caused by poor cardiorespira-
tory condition have experienced greater cognitive decline over a period of 6 years
compared with older adults showing high cardiorespiratory fitness (Barnes, Yaffe,
Satariano, & Tager, 2003). In healthy, sedentary older subjects, aerobic activities
resulted in a significant improvement in the maximal oxygen uptake (Vo2max) and to
benefit executive functions such as inhibition and planning (Colcombe & Kramer,
2003). These studies, however, involved high-intensity physical activity such as
running (Colcombe & Kramer, 2003). This type of physical activity is usually not
appropriate for people of advanced age (Dipietro, 2001). It is known that physical
fitness (e.g., muscle strength, balance) decreases with age (Buchner & Wagner,
1992). Consequently, many of the oldest old (age >75y) can only stay mobile by the
use of a walking aid (Brandt, Iwarsson, & Stahl, 2003) and are unable to run. In a
study, more than half of the 599 subjects aged 75 or over who were surveyed owned
1 or more walking devices (Edwards & Jones, 1998). In sum, for frail older people,
walking with a device like a rollator is a much more appropriate activity than activities
such as running.
In view of the effects of aerobic activity on for instance executive functions, it
is important to know the exact amount of energy expended when walking with a
rollator and does this constitute adequate aerobic activity. This has not been examined
before. According to the guidelines of the American College of Sports Medicine
(ACSM) (1998), activities with an intensity of 55% to 65% of maximal heart rate or
40% to 50% of Vo2max reserve (Vo2max minus resting Vo2) are appropriate to
increase or maintain cardiorespiratory fitness of relatively unfit persons provided that
the frequency is at least 3 times a week and the duration at least 30 minutes per occa-
sion. We studied this treatment frequency and duration in a recent pilot study in which
the effects of walking with a rollator on executive functions were examined in persons
with mild cognitive impairment (MCI) (Scherder et al., 2005). After a treatment period
of 6 weeks, verbal fluency, a task that relies on executive control functions (Penning-
ton & Ozonoff, 1996), improved. Firm conclusions about the effectiveness of walking
with a rollator on executive functions can, however, not be drawn. First, the range of
executive functions examined in that study was restricted (only 2 tasks). Second, it
was not examined whether walking with a rollator is intense enough to increase
aerobic activity. The objective of the present study was to determine the physical
intensity of walking with a rollator.
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METHODS
PARTICIPANTS
The study sample consisted of 15 subjects 75 years or older (12 women, 3 men) who
lived in a residential home (n=13) or at home (n=2). Mean age was 83.7±4.6 years.
The level of cognitive functioning was assessed by means of the Mini-Mental State
Examination (MMSE) (Folstein, Folstein, & McHugh, 1975). Mean MMSE score was
25.21±2.6. Mean body weight was 75.0±15.2kg. All participants signed informed
consent. 
Inclusion and exclusion criteria
Medical staff of the residential home and the general practitioner were consulted and
participants were included in the study if (1) they were 75 years or older, (2) they
were able to walk only by means of a rollator, (3) they had a normal mental status
using norms of a sample of cognitively unimpaired older persons controlling for age
(Dufouil et al., 2000), and (4) they were able to walk 20m to determine walking speed.
Participants were excluded from the study if they were suffering from a neurodegener-
ative disease that would cause motor impairment such as Parkinson’s disease (Marras,
Rochon, & Lang, 2002).
Co-morbidity
Participants’ medical history showed: cardiac problems (n=8), diabetes mellitus
(n=2), cerebral ischemic attack (n=5), exanthema (n=2), diverticulosis (n=3), rheu-
matic arthritis (n=8), osteoporosis (n=5), gout (n=2), hernia nuclei pulposi (n=4),
radiculopathy (n=2), spondylodesis (n=2), polymyalgia rheumatica (n=1), pulmonary
disease (n=5), cholecystectomy (n=1), tumors (n=1), appendectomy (n=3), cystitis
(n=1), pyelitis (n=1), hypercholesterolemia (n=1), hyperthyroidism (n=1), and visual
disturbances (n=5). The co-morbidities in our sample were representative of the
general population of this age (Bayliss, Ellis, & Steiner, 2005).
PROCEDURE
The participants walked with their rollator for 6 minutes on a treadmill1. Each partici-
pant’s walking velocity was determined by measuring the time needed to walk 20m on
a regular flat surface at his/her comfortable speed. Because walking speed was deter-
mined over a short distance, the speed of the treadmill was set at a 10% reduction of
the initially determined speed. Participants were asked to practice on the treadmill for a
short period of time, to get accustomed to the treadmill. Participants walked at a mean
walking speed of .64±.10m/s.
MEASUREMENT
Oxygen consumption during walking was determined by use of Oxycon Alpha2. This
system consists of a soft mask to sample exhaled air and a sensor system that contin-
uously measures expired ventilation, oxygen use (Vo2), and carbon dioxide production
(Vco2). From the 6-minute walk, the averages of the last 2 minutes were used to
determine the outcome parameters in a steady state condition. 
Oxygen uptake
Vo2 (in L/min) and Vo2 per kilogram of body weight (in mL⋅min
-1
⋅kg-1) were deter-
mined. Percentage of estimated Vo2max (%Vo2max) was determined by using pre-
dicted values from the literature. These values were derived from regression equations
1.   Bonte Technology, Ampèrestraat 25B, 8013 PT Zwolle, The Netherlands
2.  Jaeger, VIASYS Healthcare GmbH, Leibnizstr 7, D- 97204 Hoechberg, Germany
73
C
h
a
p
te
r 5
Walking with a rollator
of the relation between age and Vo2max for men and women aged 55 to 86 years
(Paterson & Cunningham, 1999). These equations include: for men: Vo2max (L/min) =
–0.034 × age + 4.142 or Vo2max (mL⋅min
-1
⋅kg-1) = –0.31 × age + 44.23; for
women: Vo2max (L/min) = –0.019 × age + 2.518 or Vo2max (mL⋅min
-1
⋅kg-1) = –
0.25 × age + 36.63. In addition, percentage of estimated Vo2max reserve was calcu-
lated by the formula: (Vo2 – resting Vo2)/(Vo2max – resting Vo2) × 100%, using
resting Vo2=3.5mL⋅min
-1
⋅kg-1).
Respiratory exchange ratio
The respiratory exchange ration (RER) was calculated by dividing Vco2 by Vo2 to
determine whether walking with a rollator is an aerobic activity. An RER of 1.0 or
below 1.0 indicates aerobic expenditure with a negligible contribution of anaerobic
expenditure (McArdle, Katch, & Katch, 2001). In aerobic activity, the aerobic meta-
bolic pathways are sufficient to meet the energy demands of the muscles and the indi-
vidual can sustain the activity for a prolonged time period without exhaustion (Waters,
Lunsford, Perry, & Byrd, 1988). When exercise is performed at higher work rates,
anaerobic pathways are increasingly used to meet energy demands, decreasing the
length of time that activity can be sustained. These anaerobic processes go together
with the accumulation of lactate. The buffering of the lactate adds extra carbon
dioxide to the expired air and the RER will exceed the 1.0 (Waters et al., 1988).
Energy expenditure
The energy expenditure (in J/s) was determined by the formula: Vo2 (L/s) × (16040 +
RER × 4940) (Garby & Astrup, 1987). Energy expenditure per meter and energy expen-
diture per meter per kilogram of body weight (in J⋅m-1⋅kg-1) were determined as well.
The intensity of the activity was also expressed as the number of metabolic equivalent
units (METS). One MET is generally assumed to be 3.5mL⋅min-1⋅kg-1 (Kwan, Woo, &
Kwok, 2004).
Heart rate
Measurement of heart rate (HR) (with a 5-second interval) was determined by use of a
sports tester1. Percentage of maximal heart rate was determined by the formula: heart
rate/(220 – age) × 100%.
RESULTS
OXYGEN UPTAKE
The mean Vo2 was .718L/min. Mean Vo2 per kilogram of body weight was 9.89mL⋅kg
-
1
⋅min-1 (Table 5.1). Using the linear regression equations from the literature (Paterson
& Cunningham, 1999), participants walked on average at 61.2% (95% confidence
interval, 52.5%−69.9%) of the estimated Vo2max expressed in mL⋅min
-1
⋅kg-1 and
71.9% (95% CI, 65.2%−78.6%) of the estimated Vo2max expressed in liters per
minute (for means and standard deviations, see Table 5.1). Expressed as a percentage
of Vo2max reserve, the participants walked at 50.5% (95% CI, 39.4%−61.5%).
ENERGY EXPENDITURE
The mean energy expenditure and energy expenditure per meter were 246.73J/s and
395.76J/m, respectively. Mean energy expenditure per kilogram of body weight was
5.39J⋅m-1⋅kg-1. Mean intensity was 2.8 (95% CI, 2.4−3.2) METS (see Table 5.1). 
1.  Polar Electro Oy, Professorintie 5, FIN-90440 Kempele, Finland
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RESPIRATORY EXCHANGE RATIO
Mean RER was .93 (95% CI, .89−.97). Thirteen participants showed an RER below
1.0. Two participants had an RER above 1.0 (1.02, 1.10). 
HEART RATE
On average, participants reached a heart rate of 75.2% (95% CI, 67.6%−82.8%) of
the estimated maximal heart rate.
DISCUSSION
The goal of the present study was to determine the amount of energy expended when
walking with a rollator. We found that this group of subjects, 75 years of age or older,
consumed an average of 2.8 METS when walking; this corresponds to a moderate
level of intensity according to the ACSM scale for the very old (ACSM, 1998).
Compared with activities taken from the Compendium of Physical Activities
(Ainsworth et al., 1993), walking with a rollator is a somewhat higher-intensity
activity than vacuum cleaning and a somewhat lower-intensity activity than walking
down stairs. In our study, we did not measure the resting Vo2, therefore, an MET was
considered to be 3.5mL⋅min-1⋅kg-1 (Garby & Astrup, 1987). However, for older people
this may be an overestimate (Kwan et al., 2004). 
Thirteen participants showed an RER below 1.0, indicating aerobic expenditure.
Two participants had an RER above 1.0. One of them showed more exertion and
walked at the highest speed of all participants. The other participant appeared very
anxious during the walk on the treadmill and did not finish the 6 minutes, due to this
anxiety. For this participant, the high RER may be related to hyperventilation. Combin-
ing this with the fact that all other participants had an RER lower than 1.0, suggests
that walking with a rollator is an aerobic activity of a moderate to high intensity level. 
According to the ASCM guidelines (ASCM, 1998), activities with an intensity
corresponding to 55% to 65% of maximal heart rate or 40% to 50% of Vo2max
reserve are appropriate for increasing or maintaining cardiorespiratory fitness in rela-
tively unfit older persons. Walking with a rollator yields an intensity corresponding to
75% of the maximal heart rate and 50% of the Vo2max reserve, and therefore meets
these criteria. However, the criteria further stipulate that activity of this intensity must
be performed at least 3 times a week, for at least 30 minutes a session. In the afore-
mentioned pilot study (Scherder et al., 2005), this treatment frequency and duration
were successfully applied to subjects 75 years and older who walked with a rollator.
Training with a rollator is inexpensive and widely feasible. As well, self-paced walking
has been reported to be preferred over activities such as bicycling and swimming in
this age group (Gill, DiPietro, & Krumholz, 2000).
Energy expenditure during walking with assistive devices such as crutches or a
walker has, so far, been examined only in younger people and the results are inconsis-
tent. One study showed that walking with crutches resulted in lower Vo2 compared
with walking with a rollator or a standard walker (Holder, Haskvitz, & Weltman, 1993).
Compared with unassisted walking, walking with a wheeled walker resulted in more
oxygen use (Holder et al., 1993). In another study, however, there was no difference
in Vo2 between walking with or without a rollator (Foley, Prax, Crowell, & Boone,
1996). Comparison between those 2 studies and the present study is difficult,
because the studies included younger participants, walking speed differed, and partici-
pants did not use a rollator in their daily life.
76
C
h
a
p
te
r 
5
Chapter 5
The above mentioned finding of an energy expenditure of 2.8 METS may be an
underestimation of the intensity of walking with a rollator. For future research, it is
recommended that resting Vo2 is measured to provide more accurate estimates of the
intensity expressed in METS as well as the Vo2max reserve. A second limitation of this
study is that we estimated the Vo2max using predicted values from the literature
(Paterson & Cunningham, 1999) instead of participant scores of Vo2max obtained
from direct or indirect measurement. However, in this frail population, it may be diffi-
cult or even impossible to determine the Vo2max directly. In 1 study, less than 50% of
a representative sample of older subjects aged 57 to 78 years succeeded in reaching
their Vo2max (White, Fehlauer, Hanover, Johnson, & Dustman, 1998). As far as we
know, exercise tests to determine or estimate the Vo2max of the oldest old have not
been developed yet. Another limitation of the study is the small sample size yielding
wide confidence intervals on the main outcome measures. Further research in a larger
sample would yield more precise estimates and greater confidence in our conclusions.
For people 75 years or older, walking with a rollator is an activity of a moderate
to a high level of intensity, with sufficient capacity to improve aerobic fitness. Because
walking with a rollator might improve executive functions in older people (Scherder et
al., 2005), there is a need for further exploration of the applicability and possible
benefits of this form of exercise. A broad range of cognitive indicators as well as func-
tional outcomes need to be studied. 
CHAPTER
WALKING THE LINE. A RANDOMIZED CONTROLLED 
TRIAL ON THE EFFECTS OF WALKING ON COGNITION 
IN NURSING HOME RESIDENTS WITH MODERATE 
DEMENTIA
Eggermont, L.H., Swaab, D.F., Hol, E., & Scherder, E.J.
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ABSTRACT
Background: Walking has proven to be beneficial for cognition in healthy sedentary
older people. Data on the effects of walking on the cognitive functioning of older
people with dementia are less convincing.
Objective: Examining the effects of a walking intervention on cognition in older people
with moderate dementia (mean MMSE 17.7) living in a nursing home.
Methods: Ninety-seven older nursing home residents with dementia (mean age 85.4
years old; 79 female participants) were randomly allocated to the experimental or
control condition. Participants assigned to the experimental condition walked for 30
minutes, 5 days a week, during 6 weeks. To control for personal communication,
another group received visits in the same frequency. Neuropsychological tests were
assessed at baseline, directly after the 6 week intervention and again after 6 weeks.
Apolipoprotein epsilon (ApoE) genotype was determined.
Results: Differences in cognition between both groups at the three assessments were
calculated using a linear mixed model. Outcome measures included the performance on
tests that formed three domains: a Memory domain, an Executive Function domain,
and a Total Cognition domain. Results indicate that there were no significant time *
group interactions effects, nor any time * group * ApoE4 interaction effects. 
Discussion: One possible explanation for the lack of a beneficial effect of a walking
program on cognition could be the high frequency of co-morbid cardiovascular disease
in the present population of older people with dementia. 
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INTRODUCTION
The expanding aging population has ignited a growing interest in the prevention of age-
related cognitive dysfunction. Recent focus has been on the association between cog-
nitive function and physical activity. Several epidemiological studies show a positive
relationship between the frequency of participation in physical activity and level of
cognitive functioning (Hillman et al., 2006; Van Gelder et al., 2004). More specifically,
higher levels of physical activity are associated with a reduced risk for dementia
(Larson et al., 2006; Lautenschlager, Almeida, Flicker, & Janca, 2004; Rovio et al.,
2005). It is noteworthy that this association is not limited to the engagement in
vigorous activities. A type of physical activity common among older people, i.e.
walking, appears to be positively associated with cognition as well (Weuve et al.,
2004). The association between walking and cognition was also found in another
study. In older community-dwelling women, those who walked most blocks per week
were least likely to show cognitive decline (Yaffe, Barnes, Nevitt, Lui, & Covinsky,
2001). Comparable results are found in men; those who walked more than 2 miles a
day experienced a decreased risk for dementia, compared with those who walked less
than 0.25 mile a day (Abbott et al., 2004). 
 The observational nature of the abovementioned studies precludes conclusions
on causation (Fratiglioni, Paillard-Borg, & Winblad, 2004). Fortunately, there has been
an increasing number of intervention studies that investigated the effect of physical
activity on cognition. These physical activity intervention studies, in which healthy
sedentary older people participated, reveal a positive effect on a variety of cognitive
functions, among which executive control processes (see for a meta-analysis
Colcombe & Kramer, 2003). Brain imaging studies indicate the possible brain areas
involved. After physical activity, i.e. brisk walking interventions of 6 months, healthy
older individuals showed increased task-related activation in the anterior cingulate
cortex and increased brain volume in regions of the temporal and prefrontal cortex and
white matter on (functional) magnetic resonance imaging (MRI) scans (Colcombe et
al., 2004; Colcombe et al., 2006). 
Several viable underlying mechanisms have been suggested for the observed
relationship between physical activity and cognition. Animal experimental studies
show different mechanisms through which physical activity benefits brain function,
such as neurogenesis, synaptogenesis, glial plasticity and angiogenesis (Churchill et
al., 2002). More specifically, neurogenesis has been shown in brain areas such as the
dentate gyrus in mice after wheel running (Van Praag, Kempermann, & Gage, 1999).
Neurotransmitter systems are involved in these favorable effects, for instance treadmill
running leads to the modification of age-related loss of cholinergic fibers in the hippoc-
ampus and parietal cortex in mice (Chen, Lei, Chen, & Wang, 1998) and to an
increased level of acetylcholine in the hippocampus in rats (Nakajima, Uchida, Suzuki,
Hotta, & Aikawa, 2003). Wheel running is also known to enhance levels of Brain
Derived Neurotrophic Factor (BDNF) in the rat hippocampus (Neeper, Gómez-Pinilla,
Choi, & Cotman, 1995; Cotman & Berchtold, 2002). In addition, wheel running results
in increased angiogenesis in the cortex and striatum of rats, hence stimulating blood
flow (Ding et al., 2004; Swain et al., 2003). In line with these findings, i.e. enhanced
release of neurotrophins and neurotransmitters, and the increase in capillary growth, it
is shown that treadmill running has lead to the reduction of specific neuropathological
characteristics of Alzheimer’s disease (AD) in an AD mouse model (Adlard, Perreau,
Pop, & Cotman, 2005; Lazarov et al., 2005). Treadmill running resulted in a decrease
in beta-amyloid accumulation in the frontal cortex and hippocampus in these AD mice
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(Adlard et al., 2005). In sum, physical activity interventions, among which brisk
walking interventions, seem to benefit cognition in older people and indications for
underlying mechanisms emerge from animal experimental studies.
The question arises whether a positive effect of physical activity on cognition is
also present in older people with dementia. In contrast with the considerable number
of physical activity intervention studies that included older people without dementia,
there is a paucity of studies that involve older individuals that suffer from dementia.
The few studies that did focus on areas other than cognition, for example mobility
(Tappen, Roach, Applegate, & Stowell, 2000), symptoms of depression (Teri et al.,
2003), rest-activity rhythm (McCurry, Gibbons, Logsdon, Vitiello, & Teri, 2005),
incontinence (Schnelle et al., 2002) or activities of daily living (Rolland et al., 2007). In
some studies examining the effects on cognition in older people living in a nursing
home, it remained obscure whether all people included showed cognitive deterioration
(De Carvalho Bastone & Filho, 2004). Other studies did not focus solely on physical
activity, but combined it with another type of intervention, e.g. cognitive therapy or
music (Arkin, 2001; Olazarán et al., 2004; Van De Winckel, Feys, De Weerdt, & Dom,
2004). In an AD mouse model a combination of enriched environment and exercise
was used (Lazarov et al., 2005). Although these studies revealed positive effects of
the intervention on cognition, it remains elusive which element of the intervention was
most effective. In view of a common type of physical activity in older people, i.e.
walking (DiPietro, 2001), intervention studies will be highlighted that examine the
effects of walking on cognition in older nursing home residents with dementia. Studies
will be described that offered an intervention that focused on walking which was
combined with talking, since this is hard to avoid. To examine the effects of the
walking activity, a control group in which conversation was offered had to be included.
As far as the authors know, only two studies with older people with dementia
applied a walking intervention and focused on its effects on cognition (Cott, Dawson,
Sidani, & Wells, 2002; Friedman & Tappen, 1991); the results were inconsistent. In
one of the studies (Cott et al., 2002), walking was combined with conversation to
such a degree that it could be considered a form of communicational training. In this
study, advanced older people with a medical diagnosis of AD (mean age 82 years)
walked and talked for 30 minutes, 5 times a week, during 16 weeks. Compared with a
group that received a conversation only intervention, scores on an observational
measure of communication did not reveal a significant improvement after the interven-
tion period in the group that participated in the combined walking and talking interven-
tion. Notably, scores on a cognitive screening instrument, the Mini-Mental State
Examination (MMSE) (range 0-30) (Folstein, Fostein, & McHugh, 1975), demonstrated
that participants were severely cognitively impaired. More specifically, the mean
MMSE score of participants was 6 and a quarter of the patients showed the minimum
score. In contrast with the findings of this study, the other study with probable AD
patients revealed improved communication (Friedman & Tappen, 1991). More specifi-
cally, AD patients that participated in a 10-week intervention combining walking with
conversation (3 times a week, for 30 minutes), revealed improved communication
according to two observational scales, compared with AD patients that engaged only
in conversation (Friedman & Tappen, 1991). Participants in the latter study also
showed severe cognitive impairment (mean MMSE score of 6), but were younger on
average (mean age 72 years old). Taken together, two studies on the effects of
walking on communication is too small a number to draw firm conclusions about its
effectiveness. Moreover, only communication was the dependent variable, instead of a
broad range of cognitive functions.
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The presence of the Apolipoprotein epsilon 4 (ApoE4) genotype may modify the
effects of physical activity on cognition. Support for this notion comes from studies
investigating the effects of pharmacological interventions, i.e. cholinesterase-inhibi-
tors; however results have not been consistent (Almkvist et al., 2001; Bizzarro et al.,
2005; Blesa et al., 2006; Farlow et al., 1998; Farlow, Lane, Kudaravalli, & He, 2004;
Visser, Scheltens, Pelgrim, & Verhey, 2005). Epidemiological studies establishing the
relationship between physical activity and cognition in older people have generated
inconsistent results as well. The positive association of physical activity and cognition
has either been reported to be especially apparent in ApoE4 carriers (Etnier et al.,
2007; Rovio et al., 2005; Schuit, Feskens, Launer, & Kromhout, 2001), or in ApoE4
non-carriers (Podewils et al., 2005). In view of this possibly moderating effect of the
ApoE4 genotype on treatment outcome, ApoE genotype of the participants was deter-
mined.
The present study examines the effects of walking on a broad range of cognitive
functions, i.e. memory and executive functions in older nursing home residents with
dementia. These functions are known to be vulnerable for neurodegenerative pro-
cesses such as dementia.  
METHODS
PARTICIPANTS
This study involved a multicenter, randomized, controlled, single-blind study for which
approval was granted by the local Medical Ethical Committee. Twenty-three nursing
homes in The Netherlands participated in the study. Nursing staff and medical staff
were consulted for possible participants. Criteria for selection were: 1) age higher than
70 years old; 2) a diagnosis of dementia reported in the medical status; 3) being able
to walk for short distances with or without a walking aid. Information about the goal
and procedure was provided to possible participants and their relevant relatives. Oral
and written consent was obtained. 
Cognitive functioning of the participants was screened by means of the Mini-
Mental State Examination (MMSE). The MMSE is a measure for screening cognitive
abilities such as orientation in time and place, recall, calculation, language and visuo-
constructive abilities (max. score is 30) (Folstein et al., 1975). Residents were
excluded if they had any of the following: 1) an MMSE score of < 10; 2) visual distur-
bances; 3) hearing difficulties; 4) history of alcoholism; 5) personality disorders; 6)
cerebral trauma; 7) hydrocephalus; 8) neoplasm; 9) disturbances of consciousness;
and 10) focal brain disorders. 
Dementia diagnosis, co-morbidity, mood, and level of education
All nursing home residents had received a dementia diagnosis prior to study onset.
Unfortunately, a specific dementia diagnosis in nursing homes is often lacking
(Nygaard & Ruths, 2003). Especially in the oldest old, dementia is multifactorial
(Rastas et al., 2007) and since neuro-imaging is not standard procedure in nursing
homes in The Netherlands, this adds to the uncertainty of the subtype of dementia.
Hence, the participants in the present study consisted of a heterogeneous group of
older nursing home residents with dementia, not systematically differentiated accord-
ing to the subtype of the dementia. Information on co-morbid disease and medication
use was extracted from the medical status. Types of illness were classified into
specific categories, which included conditions for which medication was prescribed. 
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Since mood is associated with cognition (Bierman, Comijs, Jonker, & Beekman,
2005), two questionnaires were assessed to determine the level of depression and
anxiety. To determine symptoms of depression, the Geriatric Depression Scale (GDS)
(Kok, Heeren, & Van Hemert, 1993) was included. The questionnaire consists of 30
questions that can be answered with ‘yes’ or ‘no’. A higher score indicates a higher
level of depression (max. score=30). Level of anxiety was established by means of
the Symptom Checklist, subscale Anxiety (Arrindell & Ettema, 1987). The subscale
contains 10 questions with 5 possibilities (Likert Scale). A higher score indicates more
symptoms of anxiety (max. score=50).
Level of education of the participants was determined by a seven-point scale
(Verhage, 1964): score 1: uncompleted elementary school; score 2: 6 grades of ele-
mentary school; score 3: 7th and 8th grade of elementary school; score 4: 3 years of
lower general secondary education; score 5: 4 years of lower general secondary edu-
cation; score 6: pre-university education and higher vocational education; score 7: uni-
versity and technical college.
APOE GENOTYPE
For ApoE genotyping ethical approval was obtained and buccal swabs were taken in
the nursing homes by the researchers by making use of Catch-allTM collection swabs
(Epicentre, Madison, WI, USA). The swabs were air dried, sent by regular mail to the
laboratory and stored at -20 ° until DNA isolation. From the 97 participants that com-
pleted the entire study period, in 80 cases (82.5%) ApoE genotype could be assessed.
Three participants (3.1%) were too ill or died before assessment, 4 of the participants’
relevant relatives (4.1%) denied consent, and in 10 of the samples (10.3%), the ApoE
genotype could not be determined after several attempts. Due to the limited sample
size, the ApoE4 variable was dichotomized: 0=no ApoE4 allele, and 1=presence of 1
or 2 ApoE4 alleles.
Isolation of DNA
With a rapid lysis method (Ilveskoski, Lehtimaki, Erkinjuntti, Koivula, & Karhunen,
1998), the DNA was released from the swab by by vortexing the swab in 700 l diges-
tion buffer (0.05M Tris-HCl, 0.015 M (NH4)2SO4, 1.5 mM MgCl2, 0.55% Triton X-100
and 0.45% Tween 20) for 30 seconds. The swab was removed and 7 l proteinase K
(20 mg/ml) was added. The samples were incubated at 55°C for 1 hour, followed by
incubation at 100°C for 10 minutes. The DNA samples were stored at -20°C until
further use. 2.5 l DNA sample was pipetted in the first PCR reaction. In about 20% of
the DNA samples the ApoE PCR was not successful using this DNA isolation method,
indicating that not enough DNA was present on the swab or that too much PCR inhib-
itors were present. To inactivate possible PCR inhibitors 200 µl of DNA sample was
incubated with 200 µl 10% Chelex 100 (5 g Chelex 100 in 50 ml 10 mM Tris pH8) at
56°C for 30 minutes. After incubation the DNA / chelex suspension was vortexed for
10 seconds and subsequently incubated at 94°C for 10 minutes. Samples were spun
down at 5000 rpm for 5 minutes and hereafter the supernatant was transferred to a
new eppendorf tube. DNA was precipitated by adding 1/10 volume of 3M NaAc, 2.5
volume of 100% EtOH and 1 µl LPA (1 µg/ µl). After incubation at -20C° the DNA was
spun down at 12,000 rpm at 4°C for 20 minutes. The pellet was dried and subse-
quently dissolved in 50 µl 10 mM Tris (pH 8). The DNA was stored at -20°C till further
use.
83
C
h
a
p
te
r 6
Walking the line
ApoE PCR
2.5 µl of the isolated DNA samples was added in a PCR tube to 10l 1x Super Taq
buffer supplemented with 0.4  µM primer #1000, 0.4 µM primer #1001, 0.2 mM
dNTPs, 1.5 mM MgCl2, 0.05 l Super Taq (5U/l/SphaeroQ). The amplification protocol
was as follows: 5 min at 95°C, 20 sec at 95°C, 30 sec at 59°C and 30 sec at 70°C
(40 cycles), a final 10 min elongation at 70°C and a cool down to 10°C till further
use. This PCR results in an amplicon of 485 bp.
Nested PCR and DNA restriction
2.5 µl of the first round PCR reaction was transferred to a new PCR tube and supple-
mented with 0.4 µM primer #1002, 0.4 µM primer #1003, 0.2 mM dNTPs, 1.5 mM
MgCl2, 0.05 l Super Taq (5U/l/SphaeroQ).  The amplification protocol was as follows:
5 min at 95°C, 20 sec at 95°C, 30 sec at 61°C and 30 sec at 70°C (40 cycles), a
final 10 min elongation at 70°C and a cool down to 10°C. The amplicon of the nested
PCR was 300 bp and 2.5 units of CfoI (Boehringer) or HhaI (NEB) was added to the
PCR tube for the restriction reaction. The samples were incubated at 37°C for 3 hrs.
The restriction fragments were separated on an 8% polyacrylamide gel and the
genotype was determined on basis of the restriction fragment pattern (Gioia et al.,
1998). The nucleotide sequence of primers used (Gioia et al., 1998) anneal specifically
to the human ApoE refseq NM_000041.2: #1000 5’-TACAAATCGGAACTGGAG-
GAAC-3’ (358-379nt of NM_000041.2), #1001 5’-CCTGCTCCTTCACCTCGTC-3’
(826-844nt), #1002 5’-GGCACGGCTGTCCAAGGAGC-3’(408-427nt), and #1003 5’-
ACGCGGCCCTGTTCCACCAG-3’(687-707nt).
Polyacrylamide gel electrophoresis
8% polyacrylamide (19:1) in 1xTBE (18 mM Tris, 17.8 mM Boric acid, 2 mM EDTA,
pH 8) was polymerized by adding ammonium persulphate and TEMED. The gel was
poured in a Mini gel system (BioRad).The digested DNA samples were mixed with
loading buffer (6x loading buffer: 0.25% Orange G, 15% Ficoll (type 400)) and
samples were loaded onto the gel. The gel was run at 100 V until orange colour had
reached the bottom of the gel (~1 hour). Subsequently the gel was stained with
Ethidium bromide (10 µl of a 10 mg/ml stock solution in 50 ml TBE) and incubated in
the dark for 30 minutes. The gels were rinsed twice with 1xTBE and the bands were
visualized with UV on a Kodak imager system.
PHYSICAL ACTIVITY INTERVENTION
By tossing a coin, participants of the study were randomly allocated to either the
experimental group or the control group. Both experimental and control conditions
were applied by Psychology students after receiving careful instructions by the primary
investigator (L.E.). Interventions were offered for 30 minutes, five times a week,
during a period of 6 weeks. In the experimental group, the participants walked (with a
walking aid if required) in a self-selected speed, accompanied by a student. Moments
of rest were included, if necessary. Walks were primarily on the different nursing home
wards and in public places of the nursing home. The participants of the control group
received a visit by a student in the same frequency. Occasionally, a participant refused
to walk or receive a visit, which was honoured, but interventions were subsequently
caught up with in the weekend.
ASSESSMENT OF COGNITIVE FUNCTION
Trained Neuropsychology students blinded to the intervention assignment evaluated
outcome measures at baseline (pre-treatment: T1), the day after 6 weeks of interven-
tion (post-treatment: T2), and again after 6 weeks without treatment (delayed: T3). 
84
C
h
a
p
te
r 
6
Chapter 6
Memory
Face Recognition. This is a subtest from the Rivermead Behavioral Memory Test
(RBMT) (Wilson, Cockburn, & Baddeley, 1987), and measures visual, non-verbal long-
term memory. The participant is shown 5 cards with faces with the instruction to
remember the faces. After a short interval, the 5 cards are shown again among 5 other
cards with faces and the participant is asked to recognize the faces shown before. The
outcome measure is the number of faces correctly recognized minus the faces incor-
rectly recognized (max. score=10). 
Picture Recognition. This is also a subtest from the RBMT (Wilson et al., 1987),
and measures verbal long-term memory. The participant is shown 10 cards with
drawings of objects with the instruction to remember the objects. After a short inter-
val, the participant has to choose between 20 cards with objects and recognize the
cards already shown. The outcome measure is the number of objects correctly recog-
nized minus the objects incorrectly recognized (max. score is 20).
Eight Words test (Lindeboom & Jonker, 1989). During this test the instructor
reads out eight words in a row. This process is repeated five times and every time the
participant is asked to recall as many words as possible. The first outcome measure is
the total of recalled words after the five trials and is called Immediate Recall score
(max. score=40). After 15 minutes the participant is asked to recall as many words as
possible. This outcome measure is formed by the total number of words recalled and is
named Delayed Recall score (max. score=8). Next, the examiner names 16 words and
the participant is asked to distinguish words from the list between words read before
and words not read before by the examiner. The outcome measure of this variable
consists of the correctly identified words and the correctly rejected words and is
refered to as the Recognition score (max. score=16).
Executive Function (EF)
Digit Span (forward and backward). This subtest is part of the Wechsler
Memory Scale-Revised (WMS-R) (Wechsler, 1987). In the forward condition, the par-
ticipant is requested to repeat series of digits named by the examiner. In the backward
version, the participant is asked to repeat the digits in the reverse order. Digit span
forward appeals to verbal short-term memory and digit span backwards to working
memory. The outcome measures are the number of series correctly reproduced for
both Digit span forward and Digit span backward (max. score=12 for each condition).
Category Fluency (Snijders & Verhage, 1983). This task requires a strategic
search mechanism from the participant to retrieve information from semantic memory.
The participant is asked to name as many animals and occupations as possible, each in
one minute. The outcome measure forms the sum of all mentioned items.
Letter Fluency. This is a subtest of the Controlled Oral Word Association Test
(COWAT) (Benton, De Hamsher, & Sivan, 1983). The participant is asked to produce
as many words as possible beginning with a given letter of the alphabet (D, A, and T).
Three trials of each one minute are administered. The participant is instructed not to
mention names, numbers, or words that are the same but have different endings (e.g.
grape, grapefruit).
STATISTICAL ANALYSIS
A sample size calculation (Diggle, Liang, & Zeger, 1994) was performed to determine
how many people should be included. It was aimed to detect as significant an effect of
a moderate magnitude (0.5), based on the results of other physical activity interven-
tion studies in older people with cognitive impairment and dementia (Heyn, Abreu, &
85
C
h
a
p
te
r 6
Walking the line
Ottenbacher, 2004). Setting the level of significance (alpha) at .05, the power (1-beta)
at .80, and the within subject correlation at .75, the required total number of partici-
pants was 63.
Differences between groups concerning age, MMSE score, and level of depres-
sion and anxiety were analyzed by means of independent-samples t-tests. The preva-
lence of specific categories of illness and medication use, as well as level of education,
were compared between both groups employing χ2 tests or non-parametric Mann-
Whitney U tests. Scores on neuropsychological tests were converted into z-scores
and, according to a factor analysis, summed up to form specific domains: a Memory
domain, an Executive Function (EF) domain, and a Total Cognition domain. The differ-
ent pre-treatment domains were submitted to independent-samples-t-tests in order to
verify differences between the experimental and the control group at the start of the
experiment. Subsequently, the three domains were analyzed using a linear mixed
model. This modelling technique was used over the 3 assessments (pre-treatment
(T1), post-treatment (T2), and delayed (T3)) accounting for the correlation between
repeated measures on the same patient. The linear mixed model allows patients to
have unequal numbers of assessments that resulted from loss to follow-up. Except for
3, all 92 participants underwent three assessments, but consequently, these 3 persons
could also be included. Time was used as the within subjects variable (T1-T2-T3) and
group as the between subjects variable (experimental-control). Post-hoc contrasts, i.e.
T1-T2, indicative for treatment effects and T2-T3, indicative for any long-term treat-
ment effects after cessation of treatment, were determined as well (Fitzmaurice, Laird,
& Ware, 2004). To investigate a potential moderating effect of the ApoE genotype,
separate linear mixed model analyses were performed to determine time * group *
ApoE4 interaction effects.
RESULTS
PARTICIPANT FLOW AND CHARACTERISTICS
One hundred and three older nursing home residents with dementia were enrolled in
the study. Participants were randomly assigned to either the experimental (n=53) or
the control group (n=50). Mean age and standard deviation of the participants at
baseline (n=103) was 85.1 ± 4.8 (range 74-98). Participants were predominantly
female (81%). Mean MMSE score was 17.7 ± 3.5 (range 11-24). From these 103
participants, 6 participants did not complete study protocol. Three participants or their
caregiver withdrew consent during the first week of the intervention and refused to
undergo follow-up, three other participants moved due to substantial physical or cogni-
tive deterioration, rendering follow-up impossible. From the remaining 97 participants,
i.e. n=51 in the experimental group and n=46 in the control group, 7 participants in
the experimental group did not want to continue the experimental condition. The dis-
continuing of participants in the experimental condition requires careful consideration.
Simply excluding individuals that did not follow the intervention protocol could result in
substantial bias (Hollis & Campbell, 1999). First analyses included in the present study
will be on a modified intention-to-treat basis. However, to generalize findings to
persons that are willing to perform a walking program, a second analysis will be
included, i.e. a per protocol analysis. Characteristics of the final groups differed
between analysis used. All 97 participants were tested after the intervention. Final
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assessment was performed after a period of 6 weeks without intervention. At this final
assessment, 3 participants became too ill to undergo assessment and family members
and/or nursing staff withdrew consent. For a flow chart, see Figure 6.1. 
Intention-to-treat analysis
Mean age and MMSE score of the participants included in the intention-to-treat (ITT)
analysis were 85.4 and 17.7 respectively. There were no significant differences in
age, mean MMSE score, level of depression and anxiety between the experimental and
the control group in the ITT group composition (see for details Table 6.1). The control
group however showed a tendency to have more feelings of anxiety (see Table 6.1).
Distribution of men did not differ significantly between groups (χ2=.08, df=1, ns),
neither did level of education (Z=-.093, ns).
Co-morbidity
Most prevalent type of co-morbidities included hypertension (n=30),  cataract
(n=23), obstructive pulmonary disease (n=19), arthritis (n=16), peripheral vascular
disease (n=16), tumors (n=16), atrial fibrillation (n=15), diabetes mellitus (n=14),
myocardial ischemia (n=14), congestive heart failure (n=9), osteoporosis (n=9),
hyper/hypothyroidism (n=8), valvular heart disease (n=7), rheumatic disease (n=6),
hypercholesterolemia (n=5), chronic renal failure (n=4), ulcer disease (n=4), chole-
cystectomy (n=3), pacemaker (n=4), gout (n=2), hypotension (n=2), migraine
(n=2). None of the specific co-morbidity categories showed a significant difference in
prevalence between the experimental and the control group in the ITT analysis (see
Table 6.1). However, there was a tendency in the control group to have a larger
number of sedatives prescribed (p=.06). Also the total number of illnesses did not
differ significantly (Z=-1.66, p=ns). 
Per protocol analysis
In the per protocol (PP) analysis, participants revealed a mean age and mean MMSE
score of 85.3 and 17.8 respectively. Experimental and control groups did not differ
significantly concerning age, MMSE score and level of depression in the PP analysis
group composition (see for details Table 6.1). The control group did show significantly
more symptoms of anxiety (see Table 6.1). Notably, the 7 participants that refused to
continue the walking intervention showed significantly higher levels of anxiety
compared with the participants that did continue (Z=-2.02, p=.04). Distribution of
men did not differ significantly between groups (χ2=.01, df=1, ns), neither did level
of education (Z=-.08, ns).
Co-morbidity
The seven participants that did not continue the experimental intervention suffered
from chronic renal failure (n=3), cataract (n=2), diabetes mellitus (n=2), hyperten-
sion (n=2), arthritis (n=1), atrial fibrillation (n=1), congestive heart failure (n=1),
eczema (n=1), gout (n=1), hypercholesterolemia (n=1), hyperventilation (n=1),
myocardial infarction (n=1), obstructive pulmonary disease (n=1), ulcer disease
(n=1). Compared with the individuals that did continue, these 7 participants did not
differ significantly concerning their medication use or prevalence of specific co-morbid
diseases. The experimental and control groups in the per protocol analysis did not
show significant differences concerning the prevalence of specific co-morbidity cate-
gories nor did they show a difference on the total number of co-morbid diseases (Z=-
1.53, ns). The types of medication showed a significant difference between groups.
The number of sedatives prescribed was significantly higher in the control group
compared with the experimental group (see Table 6.1). None of the other types of
medication differed between the two groups (see Table 6.1).
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Figure 6.1. Participant flow
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COGNITIVE ASSESSMENT
For means and standard deviations of the experimental and control groups on all three
measurement in the intention-to-treat and per-protocol analyses, see Table 6.2.
Intention-to-treat analysis
Memory domain. Factor analysis revealed that the Memory domain could best
be formed by combining the subtests Face Recognition, Picture Recognition and
Delayed Recall of the Eight Words test (Cronbach’s alpha=.63). The experimental and
control group did not differ at the baseline measurement on the Memory domain (t=-
.13, df=93, ns). Mixed model analysis did not reveal a significant time * group inter-
action effect (see Table 6.3).
EF domain. The raw scores of Digit Span backwards, Category Fluency and
Letter Fluency were combined to compose the EF domain (Cronbach’s alpha=.62).
Both groups did not show differences on the EF domain at baseline (t=-.21, df=95,
ns). Mixed model analysis did not reveal a significant time * group interaction effect
(see Table 6.3).
Total Cognition domain. All the test variables from the cognitive tests, i.e. Digit
Span, Letter Fluency, Category Fluency, RBMT, and Eight Words test were summed up
to form the Cognition domain (Cronbach’s alpha=.52). No difference was found
between groups at baseline (t=-1.36, df=93, ns). Mixed model analysis did not reveal
a significant time * group interaction effect (see Table 6.3).
Role of ApoE4. There were no significant differences between the two groups
with respect to distribution of the ApoE4 allele (χ2=7.107, df=6, ns). Mixed model
analyses revealed no significant time * group * ApoE4 interaction effect on the
Memory domain (F(2,78.23)=1.23, ns), the EF domain (F(2,79.52)=.27, ns), or the
Total Cognition domain (F(2,78.68)=1.49, ns).
Per protocol analysis
Memory domain. The Memory domain consisted of the subtests Face Recogni-
tion, Picture Recognition and Delayed Recall of the Eight Words test (Cronbach’s
alpha=.61). The control group showed a tendency to have a higher score on the
Memory domain at baseline (t=-1.69, df=86, p=.10). Mixed model analysis did not
reveal a significant time * group interaction effect (see Table 6.3).
EF domain. Digit Span backwards, Category Fluency and Letter Fluency were
combined to form the EF domain (Cronbach’s alpha=.62). There was no significant
difference between the experimental and the control groups at baseline (t=.08,
df=88, ns). Mixed model analysis did not reveal a significant time * group interaction
effect (see Table 6.3).
Total Cognition domain. All variables from the cognitive tests composed the
Cognition domain (Cronbach’s alpha=.54). Both groups did not differ significantly on
the Cognition domain at baseline (t=-1.20, df=86, ns). Mixed model analysis did not
reveal a significant time * group interaction effect (see Table 6.3).
Role of ApoE4. The two groups did not show a significant difference concerning
the presence of the ApoE4 allele (c2=8.76, df=6, ns). In the Mixed model analyses
no significant time * group * ApoE4 interaction effects were found on the cognitive
domains (Memory domain (F(2,74)=1.41, ns), EF domain (F(2,75)=.95, ns), Total
Cognition domain (F(2,74)=1.58, ns), respectively). 
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DISCUSSION
In the current study, the effects of walking on cognition were examined in older
nursing home residents in a moderate stage of dementia (mean MMSE = 17.7). In
earlier reports, it has become apparent that a positive effect of physical activity on
cognition seems to be dependent on the intensity of the physical activity. More specif-
ically, an aerobic activity (brisk walking) lead to improved cognition, particularly EF, in
healthy older people whereas an anaerobic activity, i.e. stretching and toning exer-
cises, did not (Kramer et al., 1999). In a sample of ambulant advanced older people,
self-paced walking with a rollator has proven to be an aerobic activity of a high enough
intensity to improve the physical condition, and thus possibly EF (Eggermont, Van Heu-
velen, Van Keeken, Hollander, & Scherder, 2006). Therefore, the physical activity
intervention in the present study, walking in a self-selected speed (with a walking aid if
required), was hypothesized to benefit cognition. 
Results of either ITT or PP analysis reveal no significant time * group interaction
effects on any of the cognitive function domains. The question arises how these
negative findings can be explained. Several issues should be addressed.
Firstly, it needs to be considered that participants were of advanced older age
(mean age is 85 years) and most were characterized by the presence of serious con-
comitant cardiovascular disease. More specifically, 89% of the participants revealed
cardiovascular disease in the medical status, e.g. hypertension or congestive heart
failure, or was prescribed cardiovascular medication. Cardiovascular disease such as
chronic heart failure and hypertension may result in a reduced cardiac output (Witte &
Clark, 2007; Iriarte, Perez Olea, Sagastagoitia, Molinero, & Murga, 1995) and fre-
quently prescribed anti-hypertensive medication, e.g. beta-blockers like metoprolol are
likely to reduce cardiac output as well (Weber, Bohmeke, Van Der Droes, & Taylor,
1998). This reduction in cardiac output can lead to decreased cerebral perfusion during
exercise (Ide, Pott, Van Lieshout, & Secher, 1998). More specifically, older people
with valvular disease showed a reduction in cerebral perfusion after cycling on an ergo-
meter (Koike et al., 2004). It can be argued that the presence of vascular disease may
have limited the potentially positive effects of walking on cognition in the participants
of the current study, since the increase in cerebral perfusion that is normally seen after
exercise (Critchley, Corfield, Chandler, Mathias, & Dolan,  2000), may have been
reduced.
Secondly, response to a walking program on cognition may be dependent on the
stage of the dementia of the participants. The present study population involved
nursing home residents with dementia in a mild to moderate stage, but most partici-
pants were already in a moderate stage of dementia. It can be argued that larger
effects on cognition may be expected in people in an earlier phase of the disease, as
has proven in other non-pharmacological intervention studies (Guo et al., 2002;
Scherder & Bouma, 1999), but also in pharmacological treatment studies (Sparks et
al., 2006; Doraiswamy et al., 2002). Support for this notion comes from an animal
experimental study that involved an AD mouse model. In this study, older AD mice
(with a longer disease progression) did not show a reduction in amyloid load after
exercise (Wolf et al., 2006), whereas this was found in two other experimental studies
in AD models using younger mice (Adlard et al., 2005; Lazarov et al., 2005). Another
possible explanation could be that restorative sprouting in this group of older people in
a generally advanced stage of dementia could have been impaired. It has been sug-
gested that the effectiveness of the stimulation of sprouting may depend upon the
severity of the disease state (Geddes & Cotman, 1991). More specifically, sprouting
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mechanisms may be compensatory in the early stage of the disease, but may become
detrimental in later stages as a result of aberrant sprouting. This could in turn, lead to
enhanced amyloid plaque formation (Geddes & Cotman, 1991). 
Thirdly, one may argue that the duration of treatment has been too short a
period to increase cognition. Another study applying a 6-week daily exercise interven-
tion combined with music intervention did report a positive effect on cognition, but the
treatment effect was even more pronounced after 12 weeks (Van de Winckel et al.,
2004). A review of studies investigating the effects of physical activity programs on
cognition in older people, long-term training programs, i.e. longer than 6 months,
proved to be more effective than programs of shorter duration (Colcombe & Kramer,
2003). In a study including male AD patients, improved cognitive performance was
shown after riding an exercise bicycle for 6 months (Palleschi et al., 1996). However,
this group consisted of participants that were 10 years younger and were not institu-
tionalized. In view of the current population, a relative short intervention period was
preferable concerning the frailty of the population and the extent of compliance.  
Finally, it is also possible that the older nursing home residents in the present
study who were included in the physical activity group, compensated for their extra
activity during the rest of the day. Indeed, it has been reported that older people tend
to engage in less physical activities during the day when involved in an exercise
program (Westerterp, 2000). In future walking intervention studies including older
people with dementia, it should be determined to what degree this happens by means
of for instance a step counter (pedometer).
Treatment outcome did not appear to be influenced by the ApoE genotype of
the participants in the present study. In epidemiological studies the ApoE genotype did
show an effect on the association between physical activity and cognition, however
these studies included people of younger age, varying from 10 years (Podewils et al.,
2005; Schuit et al., 2001), to 15 years (Rovio et al., 2005), to almost 25 years
younger (Etnier et al., 2007). The lack of a moderating effect of the ApoE4 allele in the
present study on the impact of physical activity on cognition may be attributed to age,
since it has been reported that the ApoE4 effect on the brain wears out in people of
advanced age (Juva et al., 2000).  
An important limitation of the study is the lack of information on the specific
subtype of dementia diagnosis of the participants. Absence of brain imaging tech-
niques and assessment of a neurologist limit the ability to investigate the effects of the
intervention on specific subtypes of dementia. According to the medical status of the
participants, the research group consisted of 32 AD patients, 10 older persons with
vascular dementia (VaD), 6 AD combined with VaD cases, 1 person with frontotempo-
ral dementia, and 48 older people with a dementia diagnosis that was not further spec-
ified. Since 89% of the patients had cardiovascular problems, the proportion of “pure”
AD, without VaD changes will probably be low. More insight into the specific brain
pathology of each participant could have shed more light on the present findings.
Although the lack of a specific dementia diagnosis excludes inferences on different
treatment response between subtypes of dementia, this problem is difficult to resolve
since a definite diagnosis of dementia subtype can only be established by means of
brain autopsy (Dickson, 2001), which in the present study was not an option.
In the present study focus has been on a type of physical activity appropriate for
the study population, i.e. self-paced walking. Seven participants however refused to
continue the walking intervention. These participants, compared with the participants
that did participate in the walking intervention, showed an increased level of anxiety.
There have been previous reports that increased levels of anxiety are associated with
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lower participation in physical activity (Shih, Hootman, Kruger, & Helmick, 2006).
Support for the present findings comes from a physical activity intervention study in
which older people participated. The study revealed that people with a moderate or
high level of anxiety showed lower attendance to the program (Van Heuvelen, Hochs-
tenbach, Brouwer, De Greef, & Scherder, 2006). Particularly the fear of falling is
common in frail older women (Bruce, Devine, & Prince, 2002). This type of interven-
tion is therefore not suitable for all ambulatory older nursing home residents with
dementia.
In conclusion, the current study does not support the notion that physical
activity benefits cognition in older nursing home residents with moderate dementia,
who suffer from cardiovascular disease. The precise influence of these potential modi-
fiers of treatment outcome after physical activity remains to be elucidated in further
studies.
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CHAPTER
DO HAND MOTOR-ACTIVITY, COGNITION, MOOD 
AND THE REST-ACTIVITY RHYTHM GO HAND-IN-
HAND? A CLUSTERED RANDOMIZED TRIAL IN 
NURSING HOME RESIDENTS WITH DEMENTIA
Eggermont, L.H., Swaab, D.F., Knol, D.L., & Scherder, E.J. 
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ABSTRACT
Background: Physical activity such as walking may exert a positive impact on cogni-
tion, mood, and the rest-activity rhythm in older people with dementia. Due to the
frailty of the population however it is worthwhile to consider other motor activities
such as hand motor activity that can be applied at a larger scale.
Objective: Examining the effects of hand motor activity on cognition, mood and the
rest-activity rhythm in older people with dementia living in a nursing home.
Methods: Sixty-one older individuals with dementia living in a nursing home partici-
pated (mean age 84.6 years; 3 male participants) in either a hand movement program
(experimental condition) or a read aloud program (control condition) for 30 minutes, 5
days a week, during 6 weeks. Neuropsychological tests and mood questionnaires were
assessed and the rest-activity rhythm was determined by means of an actiwatch.
Assessment took place at baseline and at 6 and 12 weeks. 
Results: Scores on neuropsychological tests were combined and formed a memory
domain, an Executive Function (EF) domain, and a Total Cognition domain. Symptoms
of depression and anxiety formed the Mood domain. Actigraphy variables composed
the Rest-activity domain. In mixed model analyses no significant group * time interac-
tions were found on either the cognitive, mood or rest-activity domains in the inten-
tion-to-treat analysis. In the per protocol analysis, that included people who
participated in at least 80% of the sessions, mood improved in the group that received
the hand motor activity intervention compared with the people in the control condition.
Discussion: In older nursing home residents with dementia, the performance of hand
movements during 6 weeks did not improve cognition, mood or the rest-activity
rhythm in the entire study population. However, increased attendance to the hand
movement program did appear to have a positive effect on mood. 
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INTRODUCTION
Regular exercise shows multiple health benefits and is endorsed by the American
College of Sports Medicine (ACSM, 1998). In the aging population, higher levels of
physical activity have been linked to a better cognitive functioning (Abbott et al.,
2004; Van Gelder et al., 2004) and a reduced risk of developing dementia (Laurin, Ver-
reault, Lindsay, MacPherson, & Rockwood, 2001; Rovio et al., 2005). Besides cogni-
tion, feelings of depression and anxiety and rest activity disturbances, frequently
present in older people (Martin et al., 2006; Schoevers, Beekman, Deeg, Jonker, &
Van Tilburg., 2003) and particularly in older people with dementia (Assal & Cummings,
2002), are associated with a low level of physical activity (Lampinen, Heikkinen, Kaup-
pinen, & Heikkinen, 2006; Morgan, 2003).
Since several epidemiological studies have revealed a relationship between the
level of physical activity and cognition, depression and the rest-activity rhythm, the
question arose whether physical activity as an intervention could actually improve cog-
nition, reduce symptoms of depression and benefit the rest-activity rhythm in older
people. Indeed, both in healthy older people as well as in patients with Mild Cognitive
Impairment (MCI), a physical activity intervention such as (brisk) walking has led to
improved cognition, particularly executive functions (EF) such as planning and word
fluency (Kramer et al., 1999; Scherder et al., 2005). Physical intervention studies in
older persons also resulted in a reduction of feelings of depression and anxiety (King,
Taylor, & Haskell, 1993; Sims, Hill, Davidson, Gunn, & Huang, 2006). In intervention
studies concerning the rest-activity rhythm in older people, a positive effect of physical
activity has been reported as well. For instance, in a study that used wrist actigraphy
as an indicator for the rest-activity rhythm, older participants that followed a fitness
training program for 3 months showed reduced fragmentation of the rest-activity
rhythm (Van Someren, Lijzenga, Mirmiran, & Swaab, 1997). 
Studies that included older people with dementia show similar results. Improved
attention (Palleschi et al., 1996) and global cognitive functioning (Rolland et al., 2000)
were reported in patients with Alzheimer’s disease (AD) after a physical activity
program which contained riding an exercise bicycle. Another study that examined the
effects of an exercise program combined with teaching caregivers behavioral manage-
ment techniques resulted in reduced depression in AD patients (Teri et al., 2003). Fur-
thermore, a light 4-week exercise program that included range-of-motion exercises and
walking resulted in reduced ‘restless behavior’ during the night in AD patients (Namazi
et al., 1995). Intervention studies in this population are however scanty and often
show methodological flaws such as lack of a control group, small sample sizes or lack
of a randomized procedure (Eggermont, Swaab, Luiten, & Scherder, 2006). Other, well
executed studies, offer a physical activity intervention that is combined with another
type of intervention like behavioral management training to the caregivers at the same
time (Teri et al., 2003), obscuring which intervention caused the effect.
Although positive effects of physical activity on cognition, depression and the
rest-activity rhythm in older people with dementia have been reported, physical activ-
itiy such as walking may only be an appropriate intervention for ambulatory people
with dementia. People with dementia are generally of high age, since aging is the most
important risk factor for dementia (Keller, 2006). It is known that conditions for
walking (e.g. muscle strength, balance) decrease with age (Buchner & Wagner, 1992)
and many older people have serious co-morbidity that affect mobility, such as muscu-
loskeletal problems (Leveille, 2004), arthritis, osteoporosis and stroke (Walsh, Roberts,
& Bennett, 1999). As a result, older people show a large variation in the ability to
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engage in gross motor activity (Taylor et al., 2004). Especially older people with
dementia living in a nursing home are characterized by frailty (Ang, Au, Yap, & Ee,
2006). Therefore, a subgroup of older people with dementia will not be able to engage
in physical activities such as walking. 
One type of activity that does not involve walking but is known to activate
several brain areas is the performance of hand movements. Hand movements activate,
apart from the primary motor cortex (Blake, Byl, & Merzenich, 2002), the cingulate
cortex, in particular the anterior cingulate cortex (Paus, Petrides, Evans, & Meyer,
1993) and in older people even more so than in younger people (Wu & Hallett, 2005).
Other brain areas reported to be involved in the performance of hand movements are
areas that include so-called mirror neurons (MNs) (Gallese, Fadiga, Fogassi, & Riz-
zolatti, 1996; Rizzolatti, Fadiga, Gallese, & Fogassi, 1996). MNs are activated when a
movement is self-inflicted, but also when a movement is performed by somebody else
(Rizzolati et al., 1996). These neurons were first discovered in monkeys in the prefron-
tal cortex (area F5) (Gallese et al., 1996; Rizolatti et al., 1996). Converging data from
magnetoencephalographic (MEG) (Hari, Levanen, & Raij, 2000), transcranial magnetic
stimulation (TMS) (Gangitano, Mottaghy, & Pascual-Leone, 2001), Positron Emission
Tomography (PET) (Grafton, Arbib, Fadiga, & Rizzolatti, 1996), and functional
magnetic resonance imaging (fMRI) (Buccino et al., 2004; Iacoboni et al., 1999)
studies demonstrate that a mirror neuron system may also be also present in humans.
Other studies have reported that the performance of hand movements leads to activa-
tion of supplemental motor area, Broca’s area, dorsal premotor cortex, dorsolateral
prefrontal cortex, supramarginal gyrus, superior parietal lob (Grèzes & Decety, 2001;
Iacoboni, 2005; Rizollatti et al., 1996), and the superior temporal sulcus (Buccino et
al., 2004; Iacoboni et al., 2001). 
These areas are known to be involved in cognitive function (Loose, Kaufmann,
Tucha, Auer, & Lange, 2006; Vines, Schnider, & Schlaug, 2006). For example, it has
been shown that the region around the superior temporal sulcus contributes to the rec-
ognition of faces (Haxby, Hoffman, & Gobbini, 2000). This region is connected to the
prefrontal cortex (Petrides & Pandya, 2006), an area that is particularly involved in EF
(Goethals, Audenaert, Van De Wiele, & Dierckx, 2004). Frontal areas, together with
limbic structures such as the hypothalamus and the amygdala, also play a pivotal role
in feelings of depression and anxiety (Milak et al., 2005). More specifically, particularly
the anterior cingulate cortex and the dorsolateral prefrontal cortex are involved in emo-
tional processing, e.g. depression (Cotter et al., 2002; Garavan et al., 2000); indeed,
in people with depression, the anterior cingulate cortex has been shown to be reduced
in size (Cotter et al., 2002). In depression, activity of the prefrontal cortex is dimin-
ished, probably causing an activation of the hypothalamo-hypophysial-adrenal (HPA-
)axis, that is central in signs and symptoms of depression (Swaab, Fliers, Hoogendijk,
Veltman, & Zhou, 2000). The activation of the HPA-axis leads to increased cortisol
levels that in turn inhibit the prefrontal cortex (Swaab et al., 2000). A close functional
relationship thus exists between frontal areas, among which the cingulate cortex, and
subcortical structures, like the hypothalamus (Çavdar et al., 2001; Verberne & Owens,
1998). The latter also plays a crucial role in the rest-activity rhythm (Hofman &
Swaab, 2006). All in all, hand movements may activate neural circuits that are
involved in cognition, feelings of depression and anxiety, and the rest-activity rhythm.
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As far as the authors know, no study has been performed that examined the
effects of solely hand motor activity in older people with dementia. In the present
study, it is examined in older people with dementia living in a nursing home, whether
an intervention in which hand movements are performed could generate a positive
effect on the cognitive functioning, mood, and the rest activity rhythm.
METHODS
PARTICIPANTS
Ten nursing homes in the Netherlands participated in a clustered randomized trial.
Possible participants were selected by the nursing staff and medical staff. Psychogeri-
atric wards that could form a subgroup of minimal 4 and maximal 8 people that suited
the inclusion criteria participated in the study. To be eligible for selection, residents
had to meet the following criteria: 1) age of at least 70 years old and 2) a diagnosis of
dementia reported in the medical status. The goal and procedure were explained to the
nursing home residents and oral and written consent was obtained from the partici-
pants and their relevant relatives. The study was approved by the local Medical Ethical
Committee.
Participants’ level of cognitive functioning was assessed by means of the Mini-
Mental State Examination (MMSE); a measure to screen cognitive abilities such as ori-
entation in time and place, recall, calculation, language and visuoconstructive abilities
(max. score is 30) (Folstein et al., 1975). Residents were excluded if they had any of
the following: 1) an MMSE score of < 10; 2) an MMSE score of > 24; 3) visual distur-
bances; 4) hearing difficulties; 5) history of alcoholism; 6) personality disorders; 7)
cerebral trauma; 8) hydrocephalus; 9) neoplasm; 10) disturbances of consciousness;
11) focal brain disorders. 
Dementia diagnosis, co-morbidity and level of education
The nursing home residents that were included in the study showed a dementia diag-
nosis or psychogeriatric indication in their medical status. Unfortunately, in nursing
homes, absence of a specific dementia diagnosis is common (Nygaard & Ruths, 2003).
In The Netherlands, Computerized Tomography (CT) or MRI is not standard procedure
in the nursing home setting. Therefore, since particularly in the oldest old, dementia is
multi-factorial (Rastas et al., 2007), the subtype of dementia remains uncertain. Con-
sequently, the current study population consisted of a heterogeneous group of older
people with dementia. Prevalence of co-morbid disease and medication use were
acquired from the medical status. These illnesses that were reported and for which
medication was prescribed were classified into categories. 
Level of education was determined by a seven-point scale (Verhage, 1964): 1 =
uncompleted elementary school; 2 = 6 grades of elementary school; 3 = 7th and 8th
grade of elementary school 4 = 3 years of lower general secondary education; 5 = 4
years of lower general secondary education; 6 = pre-university education and higher
vocational education; 7 = university and technical college. 
INTERVENTION
Participants of the study were part of clustered groups according to living units. The
group as a whole was allocated randomly to either the experimental or the control con-
dition. Both interventions were offered for 30 minutes, 5 days a week, during a period
of 6 weeks.
100
C
h
a
p
te
r 
7
Chapter 7
Experimental condition
In the experimental condition the participants performed hand movements group wise.
The program of hand movements that were performed was presented in a manual
composed by the Dutch association ‘More physical activity for older people’ [in Dutch:
‘Meer Bewegen voor Ouderen’]. This program was based on movements especially
designed for the population (Duijvestein & Werring, 2005). Movements include finger
movements, pinching a soft ball, or handling a rubber ring, among others. The inter-
ventions were performed by the recreational therapists of the nursing home or by Psy-
chology Master students, both well instructed by the primary investigator (L.E.) and by
an instructional video. During the intervention the manual was used for structuring the
intervention. 
Control condition
An intervention performed in a group was included to control for social aspects
inherent to any group activity. Control groups in other studies provided guidance to
conversation for instance by using pre-selected topics meeting residents’ potential
interest (Friedman & Tappen, 1991; Cott et al., 2002). In the present study, structure
was provided by means of reading aloud short stories by the recreational therapists or
by Psychology Master students. Each story was followed with a short conversation
between the participants and the therapist or student. The reading material consisted
of books recommended for this specific population (Voorpostel & Terlouw, 2001). 
ASSESSMENT OF COGNITIVE FUNCTION
An investigator blind to the treatment condition administered all tests directly before
(pre-treatment: T1) and directly after the 6-week period (post-treatment: T2), and
again after 6 weeks without treatment (delayed: T3). To assess memory and EF, the
following neuropsychological tests were administered.
Memory
Face Recognition. This is a subtest from the Rivermead Behavioral Memory Test
(RBMT) (Wilson et al., 1987), which measures visual, non-verbal long-term memory. In
this test the participant is shown 5 cards with faces with the instruction to remember
the faces. After a short interval, the participant is asked to recognize the faces
between five other faces. The outcome measure is the number of faces correctly rec-
ognized minus the faces that were incorrectly recognized (maximal score=10). 
Picture Recognition. This is also a subtest from the RBMT (Wilson et al., 1987),
which measures verbal long-term memory. The participant is shown 10 cards with
drawings of objects and is asked to remember the objects. After a short interval, the
participant has to choose between 20 cards with objects and has to point out the
objects already shown. The outcome measure is the number of objects correctly recog-
nized minus the objects that were incorrectly recognized (maximal score=20). 
Eight Words test (Lindeboom & Jonker, 1989). During this test the examiner
reads out eight words in a row. This process is repeated five times and every time the
participant needs to recall as many words as possible. The first outcome measure is
the number of correctly recalled words after the five trials and is called Immediate
Recall score (max score=40). After an interval of 15 minutes the participant is asked
to recall as many words as possible; this outcome measure is called the Delayed Recall
score (max score=8). After this, the examiner reads aloud 16 words among which 8
words presented before and 8 new words. The participant is asked which word is rec-
ognized from the list presented before. The outcome measure of this variable consists
of the correctly identified words and the correctly rejected words (maximal score=16).
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Executive function (EF)
Digit Span. This is a subtest from the Wechsler Memory Scale-Revised (WMS-R)
(Wechsler, 1987). In the first condition, Digit Span Forward, the participant is asked to
repeat series of digits read aloud by the examiner. In the second condition, Digit Span
Backward, the participant is asked to repeat series of digits in the reverse order. The
outcome measures of both conditions are the number of series correctly reproduced
(maximal score per condition=12). 
Category Fluency. This is a subtest from the ‘Groninger Intelligentie Test’ (GIT)
(Snijders & Verhage, 1983). In this test the participant is asked to name as much
animals and professions within one (separate) minute. This test requires a strategic
search mechanism to retrieve information from semantic memory. The outcome
measure is the total number of animals and professions produced. 
Stop Signal task. This task is based on the stop paradigm (Logan & Cowan,
1984). This computerized task is used to measure inhibition of a prepotent response.
The participant has to react as fast as possible to a ‘go’ stimulus. However, stop
stimuli are occasionally presented and the prepotent response has to be inhibited.
Outcome measures are the time to respond to a ‘go’ stimulus, number of errors and
the Stop Signal Reaction Time (SSRT). 
Attention Network Test (Fan, McCandliss, Sommer, Raz, & Posner, 2002). This
computerized test is originally designed to evaluate alerting, orienting and executive
attention. In order to limit the instructions that have to be remembered by the partici-
pants, it was decided to focus on the executive component of the test. The participant
is shown 5 arrows and is asked to focus on the middle arrow. In some cases, all
arrows point in the same direction (congruent condition), in other cases, the middle
arrow points in the opposite direction of the surrounding arrows (flankers) (incongruent
condition). In some cases, the arrow is surround by small stripes (neutral condition).
Reaction time and percentage of correct responses form the outcome measures of this
task.
ASSESSMENT OF MOOD
Geriatric Depression Scale (Kok et al., 1993)
This is a Dutch version of the Geriatric Depression Scale (GDS) (Yesavage et al.,
1982). The questionnaire contains 30 questions that can be answered with ‘yes’ or
‘no’. A higher score indicates a higher level of depression (maximal score=30). 
Symptom Checklist Anxiety
(Arrindell & Ettema, 1986). This is a Dutch version of the subscale Anxiety from the
Symptom Check List (SCL-90) (Derogatis, 1979). The subscale contains 10 questions
with 5 possibilities to answer (maximal score=50).
ASSESSMENT OF THE REST-ACTIVITY RHYTHM
Rest-activity data were collected using the Actiwatch activity monitor (Cambridge
Neurotechnology Ltd., Cambridge, Great Britain). Actiwatches are small activity
monitors worn on the wrist for several days, causing minimal burden to the participant.
The following non-parametric variables (Van Someren, 1999) were computed:
Interdaily Stability
This variable serves as a measure of the degree of resemblance between activity
patterns of individual days. Higher values indicate a more stable rhythm between days. 
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Intradaily Variability
Represents fragmentation of periods of rest and activity. Normal rest-activity patterns
will show one major active period (day) and one major resting period (night) and there-
fore show a low IV. Higher values indicate a more fragmented rhythm during the day. 
Relative Amplitude (RA)
Represents the normalized difference between the most active 10-hour period in the
24-hour cycle in relation to the uninterrupted least active 5-hour period. Higher values
indicate a larger difference between daytime activity and night time rest and thus a
stronger rhythm. 
STATISTICAL ANALYSIS
Prior to study onset, a sample size calculation according to Diggle and colleagues
(1994) was performed. An effect of a moderate magnitude (0.5) was determined as
significant. A moderate effect size was reported in a review on other physical activity
intervention studies in older people with cognitive impairment and dementia (Heyn et
al., 2004). Setting the level of significance (alpha) at .05, the power (1-beta) at .80,
and the within subject correlation at .75, the required total number of participants was
63.
All statistical analyses were performed using SPSS version 11.5 (SPSS, Inc.
Chicago, IL). independent-samples t-tests were applied to determine differences
between the experimental and the control group at baseline, concerning age and
MMSE score. The prevalence of specific categories of illness and medication use and
the level of education were compared between groups by using χ2 tests or non-para-
metric Mann-Whitney U tests. Scores on neuropsychological tests, behavioral ques-
tionnaires and the rest-activity variables were transformed into z-scores and, following
a factor analysis, combined to form specific domains: a Memory domain, an EF
domain, a total Cognition domain, a Mood domain and a Rest-activity domain. The
domains at baseline were compared between the experimental and control groups by
the use of independent-samples t-tests to determine possible differences. Differences
in the cognitive, mood and rest-activity domains between both groups at the three
assessments, i.e. pre-treatment (T1), post-treatment (T2), and delayed (T3), were cal-
culated using a linear mixed model. This modelling technique accounts for the correla-
tion between repeated measures and allows patients to have unequal numbers of
assessments that resulted from missing data (by for instance actiwatch failure) or loss
to follow-up. The model was fitted for any clustering effects, as participants were
clustered within nursing home. Time was used as within subjects variable (T1-T2-T3)
and group as the between subjects variable (experimental-control). When significant
time x group interactions were detected, post-hoc contrasts, i.e. T1-T2, indicative for
treatment effects and T2-T3, indicative for long-term treatment effects, were deter-
mined (Fitzmaurice, Laird, & Ware, 2004). To explain the interaction effects, paired-
sample t-tests were applied to evaluate differences within the experimental and control
group.
RESULTS
PARTICIPANTS FLOW AND CHARACTERISTICS
Sixty-six older people with dementia living in a nursing home were enrolled in the
study. From the 66 participants included in the study, 5 participants dropped out. Four
participants withdrew their consent during the first day of the intervention (3 from the
experimental group and 1 from the control group). Another participant from the exper-
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imental group deteriorated physically and was transferred to another institution. The
five participants that were lost to follow-up did not significantly differ from the remain-
ing 61 participants concerning age, or MMSE score (t=-.98, df=64, p=ns and
t=1.32, df=64, p=ns, respectively). One participant became too ill during the study
period and missed the last assessment. Use of a statistical method that compensates
for missing values prevented exclusion of this participant. Final groups in the intention-
to-treat analysis involved 61 participants (experimental group n=30 and control group
n=31) (see for flow chart Figure 7.1).
Figure 7.1. Participant flow
97 assessed for eligibility
30 completed   
experimental 
intervention
31 completed 
control intervention
30 completed 
follow-up
1 became too ill 
30 completed 
follow-up
31 excluded  
- 14 not meeting 
inclusion criteria      
- 11 no motivation    
- 6 no consent
66 randomized
34 experimental group 32 control group
4 drop-out                               
- 3 withdrew consent                
- 1 moved
1 drop-out                              -
1 withdrew consent
ITT analysis
24 high compliance 23 high compliance 
PP analysis
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As the intervention was performed group wise, some participants missed the
scheduled activity due to visits from friends or relatives, other appointments like visits
to a hairdresser or hospital, or due to illness. Fourteen participants were absent more
than 5 times during the intervention. Hence, the final group in the per protocol analysis
consisted of 47 participants (experimental group n=23 and control group n=24) (see
for flow chart Figure 7.1).
Intention-to-treat analysis
Mean age of the 61 participants in the intention-to-treat analysis was 84.59 years and
mean level of cognitive functioning measured by the MMSE was 16.34. The experi-
mental and control group did not differ significantly concerning age or mean MMSE
score in the intention-to-treat analysis (see for means and standard deviations Table
7.1a). Both groups also did not reveal a significant difference in gender distribution
(χ2= .39, df=1, ns) or level of education (Z=-.02, ns).
Co-morbidity. Specific co-morbid conditions that were most frequently present
included: hypertension (n=20), arthritis (n=17), cataract (n=16), diabetes mellitus
(n=16), atrial fibrillation (n=12), peripheral vascular disease (n=11), tumor (n=11),
congestive heart failure (n=8), chronic renal failure (n=7), hernia (n=7),  myocardinal
ischemia (n=7), cholecystectomy (n=6), chronic pulmonary disease (n=5), diverticu-
losis (n=4), hyper/hypothyroidism (n=4), hip fracture (n=3), liver disturbance (n=3),
Table 7.1a. Participant characteristics at baseline in the intention-to-treat analysis 
INTENTION-TO-TREAT ANALYSIS
Exp. group
N = 30
Contr. group
N = 31
Demographics M SD M SD t df p
Age in years 85.00 4.98 84.19 4.64 .66 59 .52
MMSE score 15.83 3.55 16.84 4.42 -.98 59 .33
Co-morbidity Frequency χ2 df p
Cardiovascular disorders 27 29 .26 1 .61
Skin disorders 2 2 .00 1 .97
Tumors 6 8 .29 1 .59
Gastro-intestinal disorders 10 14 .89 1 .34
Locomotion disorders 18 20 .13 1 .72
Neuro- and radiculopathy 5 4 .17 1 .68
Renal insufficiency 3 3 .00 1 .97
Pneumonic disease 5 7 .34 1 .56
Endocrine disorders 11 11 .01 1 .92
Visual problems 15 17 .14 1 .71
Medication Frequency χ2 df p
Anti-depressants 5 8 .76 1 .38
Sedatives 10 8 .42 1 .52
Neuroleptics 10 7 .88 1 .35
Choline-esterase inhibitors 1 3 1.00 1 .32
Analgesics 7 8 .05 1 .82
Contr.=control; Exp=experimental; M=mean; MMSE=Mini-Mental State Examination; SD=standard deviation
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pacemaker (n=3), rheumatism (n=3), valvular heart disease (n=3), hypercholester-
olemia (n=2), and osteoporosis (n=2). None of the main categories differed between
the two groups (See table 7.1a), neither did the total number of illnesses (Z=-.54, ns).
Per protocol analysis
Mean age of the 47 participants in the per protocol analysis was 84.23 en mean
MMSE score 15.89. No significant differences were found between the experimental
and control group concerning age or MMSE score in the per protocol analysis (see for
means and standard deviations Table 7.1b). Both groups also did not reveal a signifi-
cant difference in gender distribution (χ2= 2.18, df=1, ns) or level of education (Z=-
.58, ns).
Co-morbidity. Co-morbid conditions most frequently reported were: hyperten-
sion (n=18), diabetes mellitus (n=13), arthritis (n=12), cataract (n=12), atrial fibril-
lation (n=10), tumor (n=10), peripheral vascular disease (n=7), cholecystectomy
(n=6), congestive heart failure (n=6), myocardinal ischemia (n=5), chronic renal
failure (n=4), diverticulosis (n=4), hernia (n=4), chronic pulmonary disease (n=3),
hip fracture (n=3), hyper/hypothyroidism (n=3), valvular heart disease (n=3), liver
disturbance (n=2), pacemaker (n=2), rheumatism (n=2), hypercholesterolemia
(n=1), and osteoporosis (n=1). None of the main categories differed between the two
groups (See table 7.1b), neither did the total number of illnesses (Z=-1.28, ns).
Table 7.1b. Participant characteristics at baseline in the per protocol analysis 
PER PROTOCOL ANALYSIS
Exp. group
N = 23
Contr. group
N = 24
Demographics M SD M SD t df p
Age in years 84.39 5.19 84.08 4.83 .21 45 .83
MMSE score 15.26 3.21 16.50 4.69 -1.05 45 .30
Co-morbidity Frequency χ2 df p
Cardiovascular disorders 21 22 .00 1 .97
Skin disorders 1 2 .31 1 .58
Tumors 5 7 .34 1 .56
Gastro-intestinal disorders 8 14 2.62 1 .11
Locomotion disorders 12 16 1.02 1 .31
Neuro- and radiculopathy 3 3 .00 1 .96
Renal insufficiency 2 1 .40 1 .53
Pneumonic disease 2 6 2.21 1 .14
Endocrine disorders 8 8 .1 1 .92
Visual problems 12 14 .18 1 .67
Medication Frequency χ2 df p
Anti-depressants 4 8 1.57 1 .21
Sedatives 8 8 .01 1 .92
Neuroleptics 8 6 .54 1 .54
Choline-esterase inhibitors 1 1 .00 1 .98
Analgesics 5 7 .34 1 .56
Contr.=control; Exp.=experimental; M=mean; MMSE=Mini-Mental State Examination; SD=standard deviation
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COGNITIVE FUNCTION, MOOD AND THE REST-ACTIVITY RHYTHM
For means and standard deviations of the experimental and control groups on the 3
assessments in the intention-to-treat analysis see Table 7.2a and for in the per
protocol analysis see Table 7.2b.
Intention-to-treat analysis
Memory domain. After a factor analysis the Memory domain was computed by
the 2 subtests of the RBMT and 3 variables of Eight Words test. The raw scores of the
above mentioned variables were transformed into z-scores and subsequently combined
to form the Memory domain (Cronbach’s alpha=.70). An independent-samples-t-test
revealed no significant difference between the experimental and control group at
baseline (t=-.82, df=59, ns). In the mixed model analysis, there was no significant
time * group interaction effect (see Table 7.3).
EF domain. Both computerized tests, i.e. Stop Signal task and ANT were
excluded from analysis due to a large percentage of participants that could not perform
the tasks correctly (70.5% and 80.3% respectively). Hence, the raw scores of Digit
Span Backwards and Category Fluency were converted into z-scores and combined to
compose the EF domain (Cronbach’s alpha=.54). Both groups did not differ on the EF
domain at baseline (t=.66, df=59, ns). The time * group interaction effect did not
turn out to be significant (see Table 7.3).
Total Cognition domain. All the variables of Digit Span, Category Fluency, RBMT
and the Eight Words test were transformed into z-scores and added up and formed the
total Cognition domain (Cronbach’s alpha=.68). There was no significant difference
on the total Cognition domain between groups at baseline (t=.54, df=59, ns). Mixed
model analysis did not show a significant time * group interaction effect (see Table
7.3).
Mood domain. The raw scores of both questionnaires were transformed into z-
scores and combined to compose the Mood domain (Cronbach’s alpha=.76). No dif-
ference was found between groups at baseline (t=-.26, df=59, ns). Mixed model
analysis did not reveal a significant interaction effect (see Table 7.3).
Rest-activity domain. Fifty-seven out 181 actiwatch measurements were lost
due to actiwatch failure (21%), or refusal of the participants to wear the actiwatch (for
the requested period or for the entire period at all) (10%). The raw scores of the three
main rest-activity variables were converted into z-scores and combined to compose
the Rest-activity domain (Cronbach’s alpha=.90). The experimental group and control
groups did not differ on the Rest-activity domain at baseline (t=-1.06, df=42, ns).
The Rest-activity domain did not show a significant time * group interaction effect in
the mixed model analysis (see Table 7.3).
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Per protocol analysis
Memory domain. Following a factor analysis, the Memory domain was formed
by the 2 subtests of the RBMT and 3 variables of Eight Words test (Cronbach’s
alpha=.71). An independent-sample-t-test revealed no significant difference between
the experimental and control group at baseline (-1.49, df=45, ns). No significant time
* group interaction effect was found in the mixed model analysis (see Table 7.3).
EF domain. As in the intention-to-treat analysis, raw scores of Digit Span Back-
wards and Category Fluency were transformed into z-scores and combined to consti-
tute the EF domain (Cronbach’s alpha=.52). Both groups did not differ on the EF
domain at baseline (t=.02, df=45, ns). The time * group interaction effect in the
mixed model analysis did not turn out to be significant (see Table 7.3).
Total Cognition domain. All variables of Digit Span, Category Fluency, RBMT
and the Eight Words test were converted into z-scores and composed the total Cogni-
tion domain (Cronbach’s alpha=.70). At baseline, there was no significant difference
on this domain between groups (t=-.77, df=45, ns). The mixed model analysis did
not reveal a significant time * group interaction effect (see Table 7.3).
Mood domain. Scores on both questionnaires were transformed into z-scores
and added up (Cronbach’s alpha=.73). No difference was found between groups at
baseline (t=.74, df=45, ns). Mixed model analysis revealed a significant time*group
interaction effect (see Table 7.3). Post hoc contrast T1-T2 turned out to be significant
(see Table 7.3). There was a reduction of the combined feelings of depression and
anxiety in the experimental group (t=2.73, df=22, p=.01), whereas no reduction
was observed in the control group (t-1.73, df=23, ns).
Rest-activity domain. The scores of the three rest-activity variables were con-
verted into z-scores and composed the Rest-activity domain (Cronbach’s alpha=.94).
No difference was found on the Rest-activity domain between both groups at baseline
(t=-.68, df=32, ns). In the mixed model analysis there was no significant time *
group interaction effect found (see Table 7.3).
DISCUSSION
In the intention-to-treat analysis, no positive effect of hand motor activity on cogni-
tion, mood and the rest-activity rhythm was found in older nursing home residents in a
moderately advanced stage of dementia. However, in the per protocol analysis, includ-
ing only those who showed high adherence to the intervention, hand motor activity
improved mood. This finding, i.e. a beneficial effect of hand motor activity on mood
but not on cognition, is striking in view of the close relationship between mood and
cognition (Potter & Steffens, 2007). In that study, the frequent co-occurrence of cog-
nitive decline and depression in older people with mild cognitive impairment and
dementia is reviewed.
One may only speculate about the discrepancy in the present findings. One
possible explanation for the recent findings concerns neurotransmitter systems
affected in disorders of the central nervous system. One neurotransmitter that is
involved in both fine hand motor performance and mood is dopamine (Yang et al.,
2003; Zhang, Zhou, & Dani, 2004). In a recent study, a disturbed fine hand motor
activity (handwriting) was considered a clinical symptom of depressed patients and
ascribed to a dysfunction of the basal ganglia (Mergl et al., 2007). Indeed, a strong
relationship between dopamine and fine hand motor performance has also been
observed in patients with Parkinson’s disease (Taylor Tavares et al., 2005). In those
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patients, dopaminergic medication improved fine motor performance. Furthermore, it is
known that among neurotransmitter systems, acetylcholine is one of the most impor-
tant neurotransmitters involved in cognitive functioning such as EF (Carr & Surmeier,
2007). Of note is that in both vascular dementia (VaD) (Court & Perry, 2003) and AD
(Herholz, 2003) the deficit in dopamine is less prominent than the deficit in acetylcho-
line. Based on the abovementioned studies, one may argue that in the present popula-
tion fine hand motor activity might have had more effect on mood instead of on
cognition because the neurotransmitter necessary to establish such an effect, dopam-
ine, is less affected. This possibility may be investigated by single photon emission
computed tomography (SPECT) analysis.
An alternative mechanism explaining the improvement of mood might be the
inhibitory effect of the prefrontal cortex on the HPA-axis, which is the final common
pathway for many of the signs and symptoms of depression (Swaab et al., 2000). As
said before, hand movements activate a large proportion of the cortex, including the
supplemental motor area, Broca’s area, dorsal premotor cortex, dorsolateral prefrontal
cortex, supramarginal gyrus, superior parietal lob (Grèzes & Decety, 2001; Iacoboni,
2005; Rizollatti et al., 1996). Activation of the prefrontal cortex will lead to a diminish-
ment of the corticotropin releasing hormone neurons of the HPA-axis, and so to an
improvent of mood. The transmitter probably involved in that mechanism is GABA
(Swaab et al., 2000). This hypothesis may be supported in the future by measuring
the reaction of the HPA-axis on the interference, using the dexamethason-CRH test.
A factor that was not determined in the present study, but may have influenced
the findings, is the presence/absence of the Apolipoprotein Epsilon 4 (ApoE4) geno-
type. The effects on cognition of some types of pharmacotherapy in AD patients are
moderated by the presence of the ApoE4 allele (Bizzarro et al., 2005; Risner et al.,
2006; Yoon et al., 2003). In general, the ApoE4 gene is an important risk factor for
cognitive deterioration and dementia (Corder et al., 1993; Feskens et al., 1994). The
association between the ApoE4 genotype and mood is however less clear. Results of
studies on the relationship between ApoE4 and late-onset depression have been incon-
sistent (Schmand, Hooijer, Jonker, Lindeboom, & Havekes, 1998; Zubenko et al.,
1996). Moreover, depression in dementia seems not to be related to the presence of
the ApoE4 allele (Forsell et al., 1997). A recent review states that there is insufficient
support for a relationship between the ApoE4 gene and behavioral and psychological
symptoms in dementia (Pritchard et al., 2007). The presence of the ApoE4 allele may
explain the difference between the effects of hand motor activity on cognition and
mood in the present study. Determination of the ApoE4 genotype may, therefore, be
of importance in future intervention studies to elucidate its possible role in treatment
outcome.
Another reason which may have prevented a possible effect of hand motor
activity on cognition is reduced ability of the participants to perform the hand move-
ments. A decrease in hand function has been reported both in aging (Carmeli, Patish, &
Coleman, 2003) as in dementia (Kluger et al., 1997). More specifically, in aging indi-
viduals, deterioration in hand function is often due to age-related degenerative changes
in musculoskeletal, vascular and nervous systems (Carmeli et al., 2003) and older
people with dementia show an even greater decline in fine motor function than age-
matched controls (Kluger et al., 1997). Deterioration in hand function was not
assessed in the current study, which may be considered a limitation. Optimal hand
motor activity is important since voluntary self-paced finger movements lead to a
cardiac response (Florian, Stancák, & Pfurtscheller, 1998). In healthy sedentary older
people, only an aerobic activity resulted in improved EF, whereas an anaerobic activity,
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i.e. stretching and toning exercises, did not (Kramer et al., 1999). One may argue that
if the participants in the present study suffered from an impairment in hand motor
activity, they may not have been able to reach an optimal level of activity intensity,
precluding a positive effect on cognition. 
Another limitation of the present study is the lack of inclusion of a third group
that did not receive treatment whatsoever, therefore knowledge of disease progression
without receiving an intervention in the current population is lacking. Moreover,
despite the fact that the reading aloud group was meant as a control condition, it could
still have been a form of stimulation. In a study where people with dementia had to
read out themselves, EF improved (Kawashima et al., 2005). Although participants in
the current study did not read aloud themselves but were read aloud by somebody
else, the stimulation may have masked a beneficial effect in the experimental group.
Both groups in the present study showed no significant deterioration during the entire
study period, while significant cognitive deterioration in 12 weeks has been reported in
both AD and VaD patients (Mielke et al., 1998; Sparks et al., 2005).
Unfortunately, in the current setting, the lack of brain imaging and neurological
assessment lead to an inability to investigate the possible influence of dementia
subtype on the results. According to the medical status of the participants, the study
population consisted of 29 AD cases (47.5%), 14 VaD cases (23%), 4 AD combined
with VaD cases (6.6%), and 14 cases with a dementia diagnosis that was not further
specified (23.0%). Differentiating between subtypes of dementia in intervention
studies with nursing home residents is, however, a problem that is difficult to
overcome since the definite diagnosis of dementia subtype can only be made by
autopsy (Dickson, 2001).
This is the first intervention study that used a clustered randomized design in
older nursing home residents in a moderate stage of dementia examining the effects of
mild physical activity on cognitive function, mood, and the rest-activity rhythm. The
subgroup that frequently attended the hand movement intervention showed improved
mood. These results are encouraging and demand further studies, which may contrib-
ute to the development of programs concerning useful day time activity in this frail
older population.
CHAPTER
OBSERVATION OF HAND MOVEMENTS BY OLDER 
PEOPLE WITH DEMENTIA AND THE EFFECT ON 
COGNITION. A PILOT STUDY
Eggermont, L.H., Swaab, D.F., & Scherder, E.J.
114
C
h
a
p
te
r 
8
Chapter 8
ABSTRACT
Background: Physical activity may stimulate neural function and may improve cogni-
tion, making it a potential beneficial intervention strategy in older people with demen-
tia. Not only physical activity stimulates neural function, also the observation of other
people performing motor activity, e.g. hand motor activity, is thought to lead to activa-
tion of neurons in the brain, i.e. mirror neurons. Since the possibility to perform
physical activity is often reduced in older people, it is interesting to examine whether
observation of motor activity could benefit cognition in older people with dementia. 
Objective: Examining the effects on cognition of observation of hand movements by
older people with dementia living in a nursing home.
Methods: Forty-four nursing home residents with dementia (mean age 85.7 years; 2
male participants) were randomly assigned to either an intervention in which videos
were observed that showed hand movements (experimental condition) or an interven-
tion in which videos were observed that showed a documentary without hand move-
ments (control condition). The intervention was applied for 30 minutes, 5 days a
week, during 6 weeks. Neuropsychological assessment took place at baseline, after
the 6-week intervention, and again after 6 weeks.   
Results: Data-analyses were performed on the separate neuropsychological tests and
on the scores combined to specific cognitive domains, such as a Memory domain, an
Executive function domain and a Total Cognition domain. Possible differences in the
neuropsychological test scores and the domains between both groups at the three
assessments were analyzed using a linear mixed model. Results of a modified inten-
tion-to-treat analysis and a per protocol analysis did not reveal any significant time *
group interaction effects, except on one neuropsychological test. 
Discussion: The present findings do not provide convincing support for a beneficial
effect of the observation of hand movements on cognition in older nursing home resi-
dents with dementia. However, there are some indications that certain cognitive func-
tions were more sensitive to the intervention than others. These indications require
further elucidation in larger studies. 
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INTRODUCTION
Many studies have shown a positive relationship between cognition and physical
activity such as walking (Abbott et al., 2004; Weuve et al., 2004; Yaffe, Barnes,
Nevitt, Lui, & Convinsky, 2001). The direction of causality can be established by ran-
domized controlled trials. Physical intervention studies (involving brisk walking) in
healthy older people revealed improved cognition, particularly executive functions (EF)
such as planning, inhibition and working memory (Colcombe et al., 2004; Kramer et
al., 1999). Studies offering a physical activity intervention to older people with
dementia also generally show a beneficial effect on cognition (Heyn et al., 2004).
Unfortunately, these studies are limited and often show methodological flaws (for
reviews see Eggermont, Swaab, Luiten, & Scherder, 2006; Scherder et al., 2007).
However, not every older individual may be able to engage in physical activity such as
walking. In older age, many people have serious co-morbidity that affect mobility, like
for instance musculoskeletal problems (Leveille, 2004), or reduced bone strength as a
result of osteoporosis (Kannus & Parkkari, 2006). In general, older people with
dementia constitute an old and frail group, especially older people with dementia living
in a nursing home (Ang, Au, Yap, & Ee, 2006). Therefore, it may be worthwhile to
investigate other types of physical activity that might benefit cognition.
 Another form of physical activity could be the performance of hand and face
movements. In one study, this type of motor activity was applied to patients with Mild
Cognitive Impairment (MCI) (Scherder et al., 2005). The rationale behind this was that
those movements are known to stimulate areas in the frontal lobe, including the
anterior cingulate cortices, which are engaged in sensory, motor and cognitive pro-
cesses (Davis, Taylor, Crawley, Wood, & Mikulis, 1997). After the intervention, the
MCI patients showed higher scores on tasks that appeal to EF (Scherder et al., 2005).
This type of intervention does not require a high level of mobility or strength and is
therefore more suitable for a frail population. However, it is known that hand function
is often reduced in aging people (Carmeli, Patish, & Coleman, 2003), which may impair
the ability to participate in such an intervention. More specifically, deterioration in hand
function is caused by age-related degenerative changes, such as local structural
changes (e.g. rheumatic arthritis) and changes in neural control (Carmeli et al., 2003).
Even more so than in healthy older people, fine motor control appears to be affected in
older people with Alzheimer’s disease (AD) (Kluger et al., 1997). 
Notably, apart from activation during the execution of hand movements them-
selves, several brain areas are also activated during the observation of hand motor
activity. Areas that are able to respond to e.g. hand motor activity executed by others
and considered to consist of mirror neurons, and therefore part of a ‘mirror-neuron
system’ (Gallese, Fadiga, Fogassi, & Rizzolatti, 1996; Rizolatti, Fadiga, Gallese, &
Fogassi, 1996). More specifically, mirror neurons are thought to be activated both
when a movement is self-inflicted as well as when a movement is performed by
someone else (Rizzolati et al., 1996), regardless whether a movement is goal-directed
or not (Rizzolatti & Craighero, 2004). During observation of hand movements, somato-
topically organized neural circuits are recruited, just like in the actual execution of hand
movements (Buccino et al., 2001). These areas include the inferior parietal lobe,
inferior temporal lobe, Broca’s area, supplementary motor area, dorsal premotor
cortex, supramarginal gyrus, and the area around the superior temporal sulcus
(Buccino et al., 2004; Grèzes & Decety, 2001; Iacoboni et al., 2001; Rizollatti et al.,
1996; Rizzolatti & Craighero, 2004). When hands are observed that manipulate an
object particularly the posterior parietal lobe shows activity (Buccino et al., 2001). The
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aforementioned areas do not only play a role in the observation of hand movements,
they are also strongly involved in cognitive processes. More specifically, the inferior
frontal gyrus plays a role in EF such as inhibition (Aron & Poldrack, 2005), and set
shifting (Loose, Kaufmann, Tucha, Auer, & Lange, 2006). The prefrontal cortex, an
area specifically known for its involvement in EF (Goethals, Audenaert, Van De Wiele,
& Dierckx, 2004) is reported to contain mirror neurons and is connected to areas that
are considered to include mirror neurons such as the inferior temporal areas and the
area surrounding the superior temporal sulcus (Buccino et al., 2007; Kondo, Saleem, &
Price, 2005). The latter area strongly contributes to the recognition of faces (Haxby,
Hoffman, & Gobbini, 2000), a cognitive function that is extremely important in social
contacts (Gobbini & Haxby, 2007; Haxby et al., 2000) and disruption of which is a
striking and very disabling consequence of dementia (Kohler et al., 2005). In sum, the
observation of hand movements activates neural circuits that are involved in cognition.
This notion makes hand movement observation attractive as a possible treatment
strategy for cognitive impairment. In view of the applicability of an intervention, it is
important to realize that mirror neurons could be activated during hand movement
observation in two conditions: 1) looking at hand movements in real life, and 2) looking
at hand movements on video (Buccino et al., 2001; Decety et al., 1997; Molnar-
Szakacs, Kaplan, Greenfield, & Iacoboni, 2006). An intervention that consists of
watching a video is relatively simple to apply and easily replicated (Järveläinen, Schür-
mann, Avikainen, & Hari, 2001). In the present study, it was examined whether
watching a video with purposive actions of hands was beneficial for cognition in older
nursing home residents with dementia.
METHODS
PARTICIPANTS
Seven nursing homes in The Netherlands participated in the study. Possible partici-
pants were first selected after consultation of the nursing staff and medical staff.
Inclusion criteria used were: 1) age of at least 70 years old; 2) a diagnosis of dementia
reported in the medical status. Oral and written consent was obtained from the partic-
ipants and their relevant relatives or guardians. Approval of this study was granted by
the Medical Ethical Committee. 
The global level of cognitive functioning was assessed by means of the Mini-
Mental State Examination (MMSE). The MMSE measures cognitive abilities among
which short-term memory, orientation in time and place, working memory, language
and visuoconstructive abilities (max. score is 30) (Folstein, Folstein, & McHugh,
1975). People were excluded from participation if they had: 1) an MMSE score of <
10; 2) an MMSE score of > 24; 3) presence of visual disturbances as reported in the
medical status, reported by the medical staff, or present during the MMSE assess-
ment; 4) hearing difficulties; 5) history of alcoholism; 6) personality disorders; 7)
cerebral trauma; 8) hydrocephalus; 9) neoplasm; 10) disturbances of consciousness;
and 11) focal brain disorders. 
All nursing home residents had received a dementia diagnosis or psychogeriatric
indication prior to study onset. However, proper dementia diagnosis in nursing homes
is often lacking (Nygaard & Ruths, 2003). In addition, neuro-imaging in the nursing
home setting is not performed regularly in The Netherlands. Therefore, specific
subtypes of dementia in the current population could not adequately be distinguished. 
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Education. Level of education was determined by a seven-point scale (Verhage,
1964): 1 = uncompleted elementary school; 2 = 6 grades of elementary school; 3 =
7th and 8th grade of elementary school 4 = 3 years of lower general secondary educa-
tion; 5 = 4 years of lower general secondary education; 6 = pre-university education
and higher vocational education; 7 = university and technical college. 
Co-morbidity. Categories of illness were obtained from the medical status. Con-
ditions for which medication was prescribed and specific types of medication, such as
anti-psychotics were also recorded. Illnesses were classified into categories. 
Mood. Symptoms of depression were measured by means of a Dutch version of
the Geriatric Depression Scale (Kok, Heeren, & Van Hemert, 1993). This questionnaire
encompasses 30 questions that can be answered with ‘yes’ or ‘no’. A higher score
indicates more symptoms of depression (maximal score=30). Level of anxiety was
established by the use of a subscale of a Dutch version of the Symptom Checklist
Anxiety (Arrindell & Ettema, 1986). This subscale contains 10 questions with 5 possi-
bilities to answer (maximal score=50).
INTERVENTION
The interventions were performed in small groups with a maximum of 4 participants
and took place in a small separate room in the nursing home. Both types of interven-
tion were guided by Psychology students. The interventions of both conditions were
applied for 30 minutes, 5 days a week, during 6 weeks. When a participant was
unable or unwilling to attend, the intervention was caught up with later that day or in
the weekend.
Experimental condition. In the experimental condition the participants watched
videotapes on which the hands of a person performing creative activities were shown.
The videotapes were especially designed for the present study and consisted of 10 dif-
ferent tapes showing various kinds of activities like for instance cooking, painting,
flower arrangement, work with clay, and needlework. The first shot contained an
image of the person performing the activity and after that, the focus was entirely on
the movements made by the hands.
Control condition. To control for social aspects inherent to any group activity,
and for the visual stimulation by videotapes, a control group was included. In the
control condition, participants watched 10 videotapes from a documentary of the
Dutch provinces (Ten Brinke, De Jong, Loeven, Beulink, & Krauwer, 1989). Images of
Dutch cities and rural areas were shown on video; the videos included interviews with
residents of the particular province.
To determine whether the videotapes in both conditions were considered equally
amusing, a short questionnaire was assessed directly after the intervention. The ques-
tionnaire contained 3 questions: regarding the level of interest, the level of enjoyment
and the level of attention for the videotape.
ASSESSMENT OF COGNITIVE FUNCTION
An investigator blind to the treatment condition administered all tests directly before
(pre-treatment: T1) and directly after the 6-week period (post-treatment: T2), and
again after 6 weeks without treatment (delayed: T3). To assess memory and executive
function (EF), the following neuropsychological tests were administered.
Memory
Face Recognition. This subtest from the Rivermead Behavioral Memory Test
(RBMT) (Wilson, Cockburn, & Baddeley, 1987) measures visual, non-verbal long-term
memory. In this test the participant is shown 5 cards with faces with the instruction to
remember the faces. To make sure visual problems were absent, the participants was
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asked whether the person on the picture was male or female. After a short interval,
the participant is asked to recognize the faces between five other faces. The outcome
measure is the number of faces correctly recognized minus the faces that were incor-
rectly recognized (maximal score=10). 
Picture Recognition. This is also a subtest from the RBMT (Wilson et al., 1987)
and measures verbal long-term memory. The participant is shown 10 cards with
drawings of objects and is asked to remember the objects. With each card, the partici-
pant is requested to name the object on the card. After a short interval, the participant
has to choose between 20 cards with objects and has to point out the objects already
shown. The outcome measure is the number of objects correctly recognized minus the
objects that were incorrectly recognized (maximal score=20). 
Eight Words test (Lindeboom & Jonker, 1989). During this test the examiner
reads out eight words in a row. This process is repeated five times and every time the
participant needs to recall as many words as possible. The first outcome measure is
the number of correctly recalled words after the five trials and is called Immediate
Recall score (max score=40). After an interval of 15 minutes the participant is asked
to recall as many words as possible; this outcome measure is called the Delayed Recall
score (max score=8). For the last variable, the examiner reads aloud 16 words among
which 8 words presented before and 8 new words. The participant is asked which
word is recognized from the list presented before. The outcome measure consists of
the correctly identified words and the correctly rejected words (maximal score=16).
Executive function (EF)
Digit Span (Forward and Backward). This is a subtest of the Wechsler Memory
Scale-Revised (WMS-R) (Wechsler, 1987). In the Digit Span Forward condition, the
participant is asked to repeat series of digits named by the examiner. In the Digit Span
Backward condition, the participant is requested to repeat series of digits in the
reverse order. This subtest is known to load heavily on working memory. The outcome
measure is the number of series correctly reproduced (maximal score=12). 
Category Fluency. This is a subtest from the Groninger Intelligentie Test (GIT)
(Snijders & Verhage, 1983). In this test the participant is asked to name as much
animals and professions within one (separate) minute. This test requires a strategic
search mechanism to retrieve information from semantic memory. The outcome
measure is the total number of animals and professions produced.
STATISTICAL ANALYSIS
Differences between the experimental and the control groups at baseline were
analyzed by means of independent-samples-t-tests, χ2 tests, or non-parametric Mann-
Whitney U tests. Scores on neuropsychological tests were converted to z-scores and,
according to a factor analysis, added up to form specific domains: a Memory domain,
an Executive Function domain, and a total Cognition domain. At baseline, the cognitive
domains and all neuropsychological test variables were compared between groups by
using independent-samples t-tests. A linear mixed model was used to analyze differ-
ences between groups on the three domains and on the separate neuropsychological
tests at the three assessments. This modelling technique accounts for the correlation
between repeated measures and permits unequal numbers of assessments, resulting
from loss to follow-up. The model was fitted for any clustering effects, since partici-
pants were clustered within subgroup. Time was used as within subjects variable (T1-
T2-T3) and group as the between subjects variable (experimental-control). When sig-
nificant time x group interactions were found, post-hoc contrasts were determined, i.e.
T1-T2, indicative for treatment effects and T2-T3, indicative for long-term treatment
effects (Fitzmaurice, Laird, & Ware, 2004). To explain the interaction effects, paired-
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sample t-tests were applied to evaluate differences within the experimental and control
group. Correcting for multiple analyses over the 8 cognitive variables, the Bonferroni
correction was applied to the significance level of p=.05, which resulted in a critical
value of p=.006. An alpha from .006 to .01 was considered a trend. All statistical
analyses were performed using SPSS version 11.5 (SPSS, Inc. Chicago, IL).
RESULTS
PARTICIPANT FLOW AND CHARACTERISTICS
Forty-seven older people with dementia living in a nursing home were enrolled in the
study. From the 47 participants included in the study, 3 participants dropped out
during the intervention (all experimental group) and denied further assessment. Three
other participants did not want to finish the entire intervention but did undergo the
assessment after the intervention (T2). All 44 participants were included in the
modified intention-to-treat analysis (experimental group: n=19, and control group:
n=25). The groups that attended the entire intervention consisted of 41 participants
(experimental group: n=18, and control group: n=23) and were included in the per
protocol analysis (see for flow chart Figure 8.1). Two participants withdrew consent
during the last assessment (T3) (1 from the experimental group and one from the
control group) and 1 became too ill (experimental group). 
Table 8.1 compares the experimental and control group at baseline in both the
intention-to-treat and the per protocol analysis. Mean age of all participants was 85.70
years old and both groups did not differ significantly concerning age in either analysis
(see Table 8.1a). Mean level of cognitive functioning measured by the MMSE was
16.95 in the entire study population and did not differ between groups in either
analysis (see Table 8.1a).  There were no differences in gender and education between
both groups, not in the intention-to-treat analysis (χ2=.04, df=1, ns and Z=-.21, ns,
respectively), nor in the per protocol analysis (χ2=.03, df=1, ns and Z=-.04, ns,
respectively). The experimental and control group did not differ in level of depression
and anxiety in either analysis (see Table 8.1a).
Specific illnesses that were reported in the medical history of the participants,
included hypertension (n=15), arthrosis (n=10), diabetes mellitus (n=9), and cataract
surgery (n=8), peripheral vascular disease (n=8), hernia (n=7), atrial fibrillation
(n=6), decubitus ulcer (n=5), hyper/hypothyroidism (n=5), myocardial infarction
(n=5), tumors (n=5), cholecysectomy (n=4), chronic renal failure (n=4), diverticulo-
sis (n=4), osteoporosis (n=4), chronic pulmonary disease (n=3), congestive heart
failure (n=3), liver disturbance (n=2), valvular heart disease (n=2). None of the main
categories differed between the two groups in either analysis (see Table 8.1b). Total
number of illnesses did not differ between groups in the intention-to-treat analysis
(Z=-.07, ns), nor  in the per protocol analysis (Z=-.05, ns). Cholinesterase inhibitors
were not prescribed to any of the participants. There were no differences between
groups in medication use (see for details Table 8.1b).
The level of amusement of the tapes in the experimental group did not differ sig-
nificantly from the tapes in the control condition (Z=-1.59, ns).
COGNITION 
Since the per protocol only excludes 3 individuals and the means and standard devia-
tions of the experimental and control group on the 3 different assessments were very
similar in the intention-to-treat analysis and the per protocol analysis, only the results
from the intention-to-treat analysis are shown in Table 8.2. 
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Memory domain. A factor analysis revealed that the Memory domain could best
be formed by all subtests of the RBMT and the Eight Words test. The raw scores of
the above mentioned variables were transformed into z-scores and combined to form
the Memory domain (Cronbach’s alpha=.67). At baseline, there was no significant dif-
ference between the experimental and the control group (t=1.38, df=42, ns). 
Concerning the memory domain, there was no significant time * group interac-
tion revealed in the mixed model analysis (see Table 8.3).
EF domain. The raw scores of Digit Span Backward and Category Fluency were
converted into z-scores to compose the EF domain (Cronbach’s alpha=.74). There
was no significant difference between both groups at baseline (t=1.57, df=42, ns). 
In the mixed model analysis, no significant time * group interaction effect was
found (see Table 8.3).
Total Cognition domain. All variables of the neuropsychological tests were con-
verted into z-scores and summed up to form the total cognition domain (Cronbach’s
alpha=.74). At baseline, the experimental and control groups did not differ (t=1.37,
df=42, ns). 
Mixed model analysis did not show a significant time * group interaction effect
(see Table 8.3).
Separate neuropsychological tests. None of the separate neuropsychological
test variables differed significantly between the experimental and the control group at
baseline (.10<p<.83). 
In the mixed model analysis, only the variable Digit Span Forward showed a sig-
nificant interaction effect (F(2,42.91)=5.71, p=.006). The contrast that was indica-
tive for treatment effects (T1-T2) did not turn out to be significant, but showed a trend
(t=-2.73, df=44, p=.009). The experimental group showed improved performance
after the intervention period (t=-3.62, df=18, p=.002) whereas the control group did
not (t=.46, df=24, ns).
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Figure 8.1. Participant flow
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Per protocol analysis
Memory domain. Following the results of the factor analysis, to form the
Memory domain all variables of the RBMT and the Eight Words test, apart from the
variable Eight Words test Delayed Recognition, were converted to z-scores and added
up (Cronbach’s alpha=.75). No significant difference was found between the experi-
mental and the control group at baseline (t=1.48, df=39, ns). 
In the mixed model analysis, there was no significant time * group interaction
(see Table 8.3).
EF domain. The raw scores of Digit Span Backward and Category Fluency were
transformed into z-scores and composed the EF domain (Cronbach’s alpha=.75). No
significant difference was revealed between both groups at baseline (t=1.57, df=42,
ns). 
Results of the mixed model analysis did not show a significant time * group
interaction (see Table 8.3).
Total Cognition domain. All neuropsychological tests were combined to form the
total cognition domain (Cronbach’s alpha=.76). Both groups did not differ at the
baseline measurement (t=1.37, df=42, ns). 
Mixed model analysis did not reveal a significant time * group interaction (see
Table 8.3).
Separate neuropsychological tests. The neuropsychological test variables did
not show significant differences between both groups at baseline (.11<p<.95). 
In the mixed model analysis no significant time * group interactions were found.
Only the time * group interaction on Digit Span Forward revealed a trend (F(2,
40.65)=5.50, p=.008). The experimental group showed improved performance in the
Digit Span Forward test directly after the intervention period (t=-3.69, df=17,
p=.002) whereas the control group did not (t=.46, df=22, ns).
DISCUSSION
In the present pilot study a positive effect of the observation of hand motor activity on
the different cognitive domains in moderately advanced nursing home residents with
dementia (mean MMSE score=16.95) was lacking. Due to the exploratory nature of
the study, analyses were also performed on the separate neuropsychological tests.
Only one significant improvement after the intervention was found in the experimental
group on the subtest Digit Span Forward, which is a measure of general attention
(Wechsler, 1987). 
The rationale underlying this study was that observation of hand movements
could stimulate the activity of brain areas such as the inferior parietal lobe, inferior
temporal lob, Broca’s area, dorsal premotor cortex, supramarginal gyrus, and the area
around the superior temporal sulcus, all areas implicated in the mirror neuron system
(Buccino et al., 2004; Grèzes & Decety, 2001; Iacoboni et al., 2001; Rizollatti et al.,
1996; Rizzolatti & Craighero, 2004). These areas are known to play a role in cognitive
functions such as EF and face recognition (Aron & Poldrack, 2005; Haxby et al., 2000;
Loose et al., 2006). Despite the fact that treatment effects on the majority of the neu-
ropsychological tests were lacking, comparison of the mean pre- and post-treatment
scores on RBMT Faces shows an interesting result. The difference within the experi-
mental group on RBMT Faces, a test appealing to memory for faces (Wilson et al.,
1987), was not significant, but the effect size was moderate (data not shown) and
therefore, in view of the relative small number of patients, intriguing. The area that
125
C
h
a
p
te
r 8
Observation of hand movements
surrounds the superior temporal sulcus is involved in the recognition of faces and is
known to include mirror neurons (Haxby et al., 2000). One might speculate that acti-
vation of this area in the experimental condition has stimulated a neural circuit, involv-
ing connections between the superior temporal regions and premotor cortex, via the
inferior parietal lobule (Brunetti et al., 2005; Rizzolatti, 2005). It is noteworthy that the
inferior parietal lobule in turn, plays a role in attention (Weissman & Woldorff, 2005),
which may provide a possible explanation for the improved score on Digit Span
Forward. A non-significant improvement on RBMT faces was also found in the control
group. Again, the effect size was moderate (data not shown). By the use of control
videos that showed a documentary on the Dutch provinces, it was tried to control for
the verbal conversation element in the hand movement videos by showing short inter-
views. This element however may have stimulated the area around the superior
temporal sulcus as well, since this area is also sensitive to moving bodies and expres-
sive gestures (Barraclough, Xiao, Oram, & Perrett, 2006; Lange & Lappe, 2006; Lotze
et al., 2006), elements that were present in the control videotapes. Therefore, the
control videotapes in the current study may not have been an ideal choice.
There was no significant difference in the level of interest for the videotapes of
the experimental condition or the control condition. Unfortunately however, the small
questionnaire used in the present study was not validated for the population. Since
impairments in verbal comprehension are common in dementia (Rogers, Ivanoiu,
Patterson, & Hodges, 2006), it is recommended that in future studies, verbal compre-
hension should be assessed to make sure such a questionnaire is correctly understood.
An example of such a test is the Aachen Aphasia test (Huber, Poeck, & Willmes,
1984), which includes subtests of word and sentence comprehension.
In future research one may try to extend the video intervention to optimize its
possible beneficial effect on cognition. One may consider including imitation of the
observed hand movements, since this activity has been reported to activate mirror
neurons to a larger degree (Iacoboni et al., 1999). Also, it has been reported that acti-
vation of mirror neurons is stronger during the observation of ‘live’ hand movements
compared to observing those on video (Järveläinen et al., 2001). Be that as it may,
observation of hand movements on video has shown to activate mirror neurons in
several studies (Buccino et al., 2001; Buccino et al., 2004; Decety et al., 1997; Gan-
gitano, Mottaghy, & Pascual-Leone, 2001; Molnar-Szakacs et al., 2006; Strafella &
Paus, 2000). Besides, merely observing a video may enhance the suitability of the
intervention for the current population. More specifically, performing hand motor
activity may be limited in older people due to arthritis, a common condition in the
nursing home setting (Abell, Hootman, & Helmick, 2004). An intervention is also more
applicable when movements are observed on video rather than in real life. Watching
videos has been reported earlier as an appropriate activity for older people with
dementia and there have been positive reports on the use of videotapes as a group
activity (Lund, Hill, Caserta, & Wright, 1995). A possibility to increase the effect on
cognition could be applying videotapes involving additional movements, e.g. bending
of the torso, movements of the head and arms and particularly movements of the
mouth (Buccino et al., 2001; Nishitani & Hari, 2002). To investigate to what degree
these proposed interventions would activate mirror neurons in older people with
dementia, neuro-imaging studies are a prerequisite.
A limitation of the study is the lack of determination of the Apolipoprotein
Epsilon 4 (ApoE4) genotype. Pharmacological studies in people with dementia have
shown a different treatment response for carriers and non-carriers of the ApoE4 allele.
The specific role of the ApoE4 allele however is controversial since results have been
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inconsistent. For instance, in one study Tacrine has proven to benefit cognition in
people that carry the ApoE4 allele (Almkvist, 2003), whereas in another study, Tacrine
improved cognition only in women without an ApoE4 allele (Farlow et al., 1998).
Donepezil has shown a positive effect on cognition in ApoE4 carriers (Bizzarro et al.,
2005). In other studies examining the effects of Tacrine and Donepezil on cognition,
ApoE4 genotype did not play a role in treatment outcome (Rigaud et al., 2000; Rigaud
et al., 2002). It has been suggested that these conflicting findings may be attributable
to differences in treatment dose, outcome measures, length of trial and proportion of
ApoE4 carriers (Suh et al., 2006). Studies that examined effects of Rivastigmine treat-
ment in relation to ApoE4 genotype have however consistently found no influence of
the ApoE4 genotype (Farlow, Lane, Kudaravalli, & He, 2004; Visser, Scheltens,
Pelgrim, & Verhey, 2005; Blesa et al., 2006). It was shown, however that ApoE4
genotype was accompanied by a diminished metabolic activity in the cholinergic
Nucleus Basalis of Meynert, not only in AD patients (Salehi, Dubelaar, Mulder, &
Swaab, 1998; Dubelaar et al., 2004) but also in controls (Dubelaar et al., 2004).
Activity differences in this system may interfere with many cortical processes (Salehi
et al, 1998). All in all, although the precise role of the ApoE4 genotype is obscure,
presence of the ApoE4 allele may have influenced study outcome. In future interven-
tion studies it is recommended to include ApoE4 genotype assessment.
The absence of information on the specific dementia subtype of the study par-
ticipants is another limitation of the study. The types of diagnosis that were reported
in the medical status were: 1) AD (N=7); 2) Vascular dementia (VaD) (N=6); 3)
combined AD and VaD (N=6); 4) dementia, not further specified (N=25). This
excludes the possibility to examine differences between treatment response in various
subtypes of dementia. Unfortunately however, the subtype of dementia can only be
determined when post-mortem investigation is included in the study protocol (Dickson,
2001), which in this study was not a viable possibility.
Apart from the significant improvement on one neuropsychological test, the
overall findings of this pilot study do not support a significant positive effect of the
observation of hand movements on cognition in older nursing home residents with
dementia. However, the current findings do suggest that hand movement observation
might exert a beneficial effect on face recognition. Larger studies are necessary to
present firm conclusions about the (in)effectiveness of hand movement observation on
cognition in older persons with dementia. 
CHAPTER
SUMMARY AND GENERAL DISCUSSION
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SUMMARY AND GENERAL DISCUSSION
The focus of the present thesis was on the effects of different types of physical
activity on cognition, mood, and the rest-activity rhythm of older nursing home resi-
dents with dementia. One aim of the present thesis was to evaluate the existing litera-
ture on this topic. Accordingly, one review was included that describes intervention
studies that offer a program consisting of physical activity to patients with Alzheimer’s
disease (AD) and used cognitive outcome measures. The second review displays the
studies on the impact of physical intervention programs on mood, sleep, and functional
ability in older people with dementia. Also the potential reduction in caregiver burden
as a result of the physical intervention is highlighted. In the clinical section of the
thesis, the relationship between level of activity and the rest-activity rhythm and cog-
nitive functioning was determined in older ambulatory nursing home residents with
dementia. 
The main focus of the clinical section was on the effects of several physical activity
interventions on cognition offered to older nursing home residents with dementia. With
respect to a common activity in older people, walking, it was investigated whether this
type of activity is of sufficient intensity to improve aerobic fitness. A walking interven-
tion was then applied to determine whether this activity could actually generate a
positive effect on cognition in a group of older nursing home residents with dementia.
The effects of two other interventions involving physical activities were examined as
well: interventions regarding the performance of hand motor activity and the observa-
tion of hand motor activity. First a summary of all chapters is given, then a general dis-
cussion.
SUMMARY
REVIEW SECTION
Chapter 2 reviews studies that focused on the effects of a physical activity interven-
tion on cognition. The few available studies regarding exercise in older people with
dementia reveal a positive effect on cognition, probably due to enhanced cerebral per-
fusion, mediated via an increase in endothelium-derived nitric oxide levels. However,
due to dysregulation of nitric oxide in AD and to increased blood supply to other
organs than the brain, exercise may not be beneficial for cognition in those people with
dementia in which cardiovascular risk factors are present. Positive effects of exercise
on cognition were reported in seven of the reviewed studies, including three that
excluded and two that included patients with cardiovascular risk factors. These
findings suggest that cardiovascular risk factors may mitigate the beneficial effects of
exercise on cognition in cognitively impaired people, but the risks are not sufficiently
known for this group. When prescribing physical activity programs to people with
dementia, they should first undergo careful physical examination, particularly in order
to exclude cardiovascular risk factors.
In Chapter 3 studies are reviewed that investigated the effects of planned
physical activity programs on disruptive behavior that lead to increased caregiver
burden. Since caregiver burden is associated with rates of institutionalization, it is
interesting to evaluate the indirect effects of physical activity programs on the care-
giver. Studies that examined the effects of a physical activity intervention on mood,
sleep, and functional ability in people with dementia were explored. A literature search
revealed a total of 27 studies, which were evaluated on their methodological quality.
129
C
h
a
p
te
r 9
Summary and General Discussion
Results show that in order to benefit mood, the most effective type of physical activity
was walking. Studies that examined the effects on mood during the physical activity
consistently reported that the physical activity was enjoyed. After a physical activity
intervention that was frequently applied, the quality of sleep improved, i.e. the partici-
pants slept longer and had reduced awakenings during the night. The positive effects
of physical activity on functional ability were restricted to long-term exercise interven-
tions. These improvements in mood, sleep quality, and functional ability of the persons
with dementia may reduce the burden of the caregiver. 
CLINICAL SECTION
Chapter 4 highlights the positive association between level of physical activity, the
rest-activity rhythm, and cognitive functioning. Nursing home residents with dementia
suffer from cognitive decline and often show rest-activity disturbances. They show
varying levels of daily physical activity, despite being able to walk. In this chapter it
was investigated whether the level of daily physical activity differed between similar
ambulatory nursing home residents with dementia, and whether the level of physical
activity was associated with both the rest-activity rhythm and the cognitive function-
ing. Nursing home staff was consulted to categorize the residents as being ‘active’ or
‘sedentary’. Actigraphy data revealed that the people that were considered ‘active’
had a significantly better rest-activity rhythm compared with the sedentary subgroup
and there were some indications that they showed better cognitive functioning. An
intriguing finding of this study was that no direct relationships were found between
the level of daytime physical activity and cognition in either group. The main conclu-
sion of the study was that differences are still found between the level of physical
activity, the rest-activity rhythm, and the level of cognitive functioning in older people
with moderately advanced dementia living on psychogeriatric wards, but that the
precise relationship between those parameters remains unclear. 
In Chapter 5, the exact level of energy expenditure was determined of people
older than 75 years of age while they were walking with their rollator. In healthy older
people, improved aerobic fitness has proven to generate a positive effect on cognition.
Many older people however, particularly in a nursing home, make use of a rollator
during walking. In order to examine whether walking with a rollator is of sufficient
intensity to improve aerobic fitness, energy expenditure was determined in 15 older
people who walked on a treadmill with their rollator. It was concluded that for older
people, self-paced walking with a rollator is an activity of moderate to high level of
intensity. This intensity of physical activity can be sufficient to improve aerobic
fitness. 
Chapter 6 investigated whether a walking intervention applied to older nursing
home residents with moderate dementia can improve cognition. Ninety-seven partici-
pants were randomly divided to the experimental condition (walking) or the control
condition (social visits). Interventions were applied for 30 minutes, 5 days a week,
during 6 weeks. Neuropsychological tests were administered and the Apolipoprotein
epsilon (ApoE) genotype was determined. Data-analyses did not show beneficial
effects of the walking intervention on cognition and the ApoE4 genotype did not
appear to influence treatment outcome. It is argued that the lack of a positive effect
could be the result of the many cardiovascular conditions that were present in the
study population. Cardiovascular disease may reduce cardiac output, which in turn,
may preclude an increase in cerebral perfusion as a result of walking.
Chapter 7 evaluated the effects of a hand motor activity intervention on cogni-
tion, mood, and the rest-activity rhythm in 61 older nursing home residents with
dementia. This type of activity does not require participants to be able to walk. The
130
C
h
a
p
te
r 
9
Chapter 9
nursing home residents participated in either a hand movement program (experimental
condition) or a read aloud program (control condition) for 30 minutes, 5 days a week,
during 6 weeks. After the intervention, the total group of older people in the experi-
mental condition did not show an improvement in cognition, mood, or the rest-activity
rhythm. However, the participants that showed a high attendance of the hand motor
activity intervention revealed improved mood. 
In Chapter 8 it is described that besides the execution of motor activity, also the
observation of hand motor activity may stimulate neural function. Since in older people
the ability to engage in physical activity is often limited it was investigated whether
observation of motor activity, i.e. hand motor activity exerted a positive impact on
cognition in older nursing home residents with dementia. Forty-four older people with
dementia observed videos that showed hand movements (experimental condition) or
videos that showed a documentary without hand movements (control condition) for 30
minutes, 5 days a week. Results indicate that overall cognition did not improve after 6
weeks, but there were indications that certain cognitive functions did respond better
to the intervention than others. 
GENERAL DISCUSSION
IMPLICATIONS OF THE PRESENT STUDY
The intervention studies in the present thesis focused on physical activities of different
levels of intensity. Results show that the walking intervention, the type of intervention
with the largest intensity, did not reveal a significant effect on cognition. A milder type
of physical activity, hand motor activity, did not improve cognition either, but the
people that frequently attended the intervention did reveal an improved mood. The
activity without actual motor activity, the observation of hand motor activity, showed
some evidence of improved cognitive functions. It is important to realize that the
present study populations all consisted of older nursing home residents with moder-
ately advanced dementia. For that reason, large effects of the physical activity inter-
ventions were not expected and the effects that were found, e.g. on mood, were
hence encouraging. Possible explanations for the present findings and suggestions for
future research are given below. Firstly, it is highlighted that physical activity may play
a particularly important role in the prevention of cognitive decline.
PHYSICAL ACTIVITY AS A PREVENTION STRATEGY
Based on epidemiological studies, a positive relationship between physical activity and
cognition exists across the life span. As early as during the preschool period, children
(age 3,5 - 7 years) that participate in sports activities have revealed better motor and
cognitive functioning (Krombholz, 2006). In concordance with these findings, children
born with meningomyelocele (i.e. herniation of meningeal and spinal cord tissue
through a bony defect in the vertebral column) that were ambulatory with or without a
walking aid, outperformed children with the same condition that were not able to walk,
with regard to their performance IQ (Rendeli et al., 2002). Engaging in physical activity
early in life may also benefit cognition later in life. More specifically, it was shown that
retrospectively determined participation in high intensity physical activity between the
ages of 15 - 25 years, was positively associated with information processing speed in
older men (Dik, Deeg, Visser, & Jonker, 2003). It is argued that neural plasticity early
in life may set the level for later use and maintenance of brain function (Rosenzweig &
Bennett, 1996). In a cross-sectional study examining younger (mean age 25.5 years)
and older (49.6 years) community-dwelling individuals, frequency of participation in
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high intensity physical activity was positively related with information processing
speed in both younger and older groups (Hillman et al., 2006). It is noteworthy
however that performance during task conditions that required interference control,
i.e. executive function, was significantly associated with physical activity in the older
individuals, whereas in the younger individuals it was not (Hillman et al., 2006). These
data suggest that although regular physical activity may be associated with better cog-
nitive function across the life span, physical activity appears to have a larger impact on
cognition during the later stages of life (Hillman et al., 2006).
Several recent studies have provided support for the inverse relationship
between physical activity and the risk for cognitive decline and dementia. In one pro-
spective cohort study, in which participants were evaluated with a time-interval of 5
years, the performance of physical activity of a high intensity was shown to reduce
the risk of cognitive impairment (Laurin, Verreault, Lindsay, MacPherson, & Rockwood,
2001). These findings were particularly observed in women. A 10-year follow-up
study that included older men revealed that longer and more intense participation in
physical activity was associated with less cognitive decline (Van Gelder et al., 2004).
In another study, participants were tested at midlife and again after a mean time-
interval of 21 years (Rovio et al., 2005). People who participated at baseline in leisure-
time physical activity twice a week or more were classified as ‘active’ people; those
who were active less than two times a week were categorized as ‘sedentary’ people.
Results show that an active lifestyle is associated with a considerable reduction in the
risk for AD. However, not all epidemiological studies show a positive relationship
between physical activity and cognition (Wilson et al., 2002; Sturman et al., 2005).
One explanation may be that increased levels of physical activity may not generate a
positive effect on all cognitive function domains, but this effect may be more selective.
More specifically, although greater cardiorespiratory fitness is associated with less
cognitive decline across various cognitive measures, particularly measures for execu-
tive function seem to respond the most (Barnes, Yaffe, Satariano, & Tager, 2003).
Although knowledge on the positive association between physical activity and
cognition is still emerging, the positive relationship between physical activity and the
cardiovascular system can be considered conventional wisdom (Kavanagh, 2001).
Engaging in physical activity is associated with a better cardiovascular condition, i.e.
reduced blood pressure, and a decreased risk of both arteriosclerosis as well as
diabetes mellitus, among others (Bassuk & Manson, 2003). Physical activity is also
associated with a lower risk for dementia, which may be partly due to the beneficial
effects on the cardiovascular condition (Anstey & Christensen, 2000). In order to
delay cognitive decline, it is recommended to stay physically active during a large part
of the life span. However, in all cases, physical activity should be kept within the phys-
iological range (Swaab, 1991). In addition, the present thesis argues that special atten-
tion should be paid to co-morbidities such as cardiovascular disease. In general,
physical activity is known to benefit the cardiovascular condition and hence cognition,
but in some cases of serious cardiovascular disease, this beneficial effect may be
diminished (see chapter 2).
CARDIOVASCULAR DISEASE
It is highlighted in the present thesis, that cardiovascular risk factors and cardiovascu-
lar disease may play a negative role in the effects of cognition in dementia. It is specu-
lated that the lack of profit on cognition from the current walking intervention in older
nursing home residents with dementia may be attributed to the high prevalence of car-
diovascular disease in this population. This suggestion may be explained as follows.
Older people with dementia, irrespective of major subtype of dementia, show a
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decrease in cerebral perfusion (Mito et al., 2005; Shimizu et al., 2005). Cardiovascular
disease, e.g. atrial fibrillation and hypertension, can reduce cardiac output (De Leeuw
et al., 2000; Sowers & Farrow, 1996). In addition, cardiovascular disease that is
treated with medication, e.g. beta-blockers, reduces cardiac output even more, espe-
cially in older people (Everly, Heaton, & Cluxton, 2004). The blood flow to organs is
determined by the cardiac output. Particularly in patients with an impaired cardiac
output, an increased distribution of blood supply to muscles during physical activity
may deprive other organs of blood (Ide, Pott, Van Lieshout, & Secher, 1998). There-
fore, reduced cardiac output can result in a decrease in cerebral perfusion during
exercise (Ide et al., 1998). Indeed, patients with cardiovascular disease, i.e. valvular
dysfunction, and atrial fibrillation, who engaged in physical activity revealed a reduc-
tion of cerebral blood flow (Koike et al., 2004; Ide, Horn, & Secher., 1999). Since
cerebral perfusion, cerebral metabolism and cognition are tightly linked (Iadecola,
2004), the possible lack of increase in cerebral perfusion as a result of the walking
intervention of the present thesis may have attenuated a beneficial effect on cognition. 
Another reason for a limited effect of a physical activity intervention on cogni-
tion may be a reduced ability to participate in the intervention. To what extent
someone can engage in a physical activity intervention may be dependent on the
presence of disturbances in motor function.
MOTOR DISTURBANCES
A number of studies reveal disturbances of motor activity, e.g. gait disturbances, in
older people, which include a decrease in step length and gait velocity, a widened
base, a decrease in balance and reduced lower limb strength (Menz, Lord, & Fitz-
patrick, 2003). Some disturbances in gait seem to depend on the level of cognitive
function (Scherder et al., 2007). More specifically, compared with healthy older
people, patients with Mild Cognitive Impairment (MCI) show even lower levels of
balance and less coordination in the lower extremities (Franssen, Souren, Torossian, &
Reisberg, 1999). In AD patients, more gait disturbances have been reported compared
with healthy controls, and the gait disturbances are more pronounced in AD patients in
a more advanced stage of dementia (Goldman, Baty, Buckles, Sahrmann, & Morris,
1999; Scherder et al., 2007). Besides disturbances of motor activity that may hamper
the participation in a walking intervention, motor disturbances in older people have
also been reported regarding hand motor function: hand movements of older persons
are slower, less accurate and less automated than those of younger persons (Mergl,
Tigges, Schröter, Möller, & Hegerl, 1999). In MCI patients, it is found that hand move-
ments are less automated than those of healthy older people, especially when the task
is more complex (Schröter et al., 2003). MCI patients also show disturbances in fine
motor function, but not in gross motor function (Kluger et al., 1997), whereas AD
patients show both disturbances in fine motor function, as well as in gross motor
function (Kluger et al., 1997). These disturbances in motor activity may have had an
impact on to what degree the older nursing home residents with dementia could have
engaged in the walking and the hand motor activity interventions. 
Response to a physical activity intervention of any sort on cognition may also be
dependent on the ApoE genotype. Both in pharmacological intervention studies as well
as in epidemiological studies concerning physical activity, the presence of the ApoE4
allele has shown a moderating effect.
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APOE GENOTYPE
In studies examining the effects of pharmacological interventions, i.e. cholinesterase-
inhibitors on cognition, ApoE genotype may moderate treatment effect; however
results have not been consistent. Tacrine and Donepezil have proven to benefit cogni-
tion either in ApoE4 carriers or in ApoE4 non-carriers only (Almkvist et al., 2001;
Farlow et al., 1998; Bizzarro et al., 2005), but some other studies show no influence
of the presence of the ApoE4 allele (Rigaud et al., 2000; Rigaud et al., 2002). Studies
that examined effects of Rivastigmine treatment in relation to ApoE4 genotype have
consistently found no influence of the ApoE4 genotype (Farlow, Lane, Kudaravalli, &
He, 2004; Visser, Scheltens, Pelgrim, Verhey, 2005; Blesa et al., 2006). Therefore,
the role of the presence of the ApoE4 allele in treatment outcome remains a controver-
sial issue. Also with regard to the influence of the ApoE4 allele on the relationship
between physical activity and cognition, results have not been straightforward. One
study revealed that the presence of the ApoE4 allele precludes beneficial effects of
physical activity on cognition (Podewils et al., 2005). The authors suggest that any
potential positive effect associated with physical activity is not enough to overcome
the effect of ApoE4 alleles. Support for this hypothesis comes from studies in which
ApoE4 carriers did not acquire the same benefits as non-carriers from physical activity
concerning blood pressure and lipid patterns (Hagberg, Ferrell, Dengel, & Wilund,
1999; St-Amand et al., 1999). Podewils and colleagues (2005) suggest that beneficial
effects of physical activity on cognition are limited to ApoE4 non-carriers. In contrast,
other studies showed a positive relationship between physical activity and cognition
only in ApoE4 carriers (Schuit, Feskens, Launer, & Kromhout, 2001; Rovio et al.,
2005; Etnier et al., 2007). More specifically, two studies showed a positive relation-
ship between self-reported physical activity and cognition in ApoE4 carriers whereas
this relationship was less pronounced (Rovio et al., 2005) or even absent (Schuit et al.,
2001) in ApoE4 non-carriers. Some argue that individuals carrying an ApoE4 allele
have less effective neural protection and repair mechanisms (Mahley & Rall, 2000),
and may therefore rely more on lifestyle-related factors to protect them against
dementia (Rovio et al., 2005). Recently, a study revealed that aerobic fitness (VO2peak)
is positively associated with cognition only in people that carry 2 ApoE4 alleles (Etnier
et al., 2007). These results can be explained by the cognitive reserve hypothesis: the
individuals at the highest risk for AD (i.e. ApoE4 homozygotes, with the smallest cog-
nitive reserve) reveal the greatest benefit from aerobic fitness (which may increase
cognitive reserve) (Etnier et al., 2007).
However, the abovementioned epidemiological studies examining the relation-
ship between ApoE4, physical activity and cognition generally included younger partic-
ipants, varying from 10 years younger (Podewils et al., 2005; Schuit et al., 2001), 15
years younger (Rovio et al., 2005), to almost 25 years younger (Etnier et al., 2007).
Therefore, particularly the results of the latter study can not be generalized to the
present population without serious contemplation. The lack of influence of the ApoE4
genotype may indeed be attributed to the advanced age of participants, as it seems
that the ApoE4 loses its influence in people of higher ages (Juva et al., 2000). None-
theless, in future intervention research, the possible influence of the ApoE4 genotype
should be taken into consideration.
One may also speculate about other reasons for the lack of improved general
cognition in the 3 intervention studies. It is therefore important to take a close look at
the study design. 
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STUDY DESIGN
In the present thesis, it was aimed to determine the effects of three interventions on a
large range of cognitive functions, among which episodic memory, memory for faces,
inhibition, word fluency and working memory in older people with moderately
advanced dementia. Although memory could be assessed reliably in most participants,
executive functions were more difficult to assess. In particular both computerized
tests, i.e. the Stop Signal test (Logan & Cowan, 1984) and the ANT test (Fan, McCan-
dliss, Sommer, Raz, & Posner, 2002), could not be performed in a substantial portion
of participants. Reasons for not properly performing the tests by the current population
of older people with moderate dementia included difficulty in remembering the instruc-
tions, being too slow to react within the given response interval, motor impairments,
and not being able to sufficiently distinguish stimuli on the screen, among others. It is
known that people with dementia can fail an executive function test for other reasons
than executive dysfunction, e.g. impairment of memory (Thompson, Stopford,
Snowden, & Neary, 2005). 
In the present thesis, level of depression has been determined by using the Geri-
atric Depression Scale (GDS) (Yesavage et al., 1982). This questionnaire is widely
used in older people and people with cognitive impairment and dementia (Orsitto et al.,
2007; Riccio, Solinas, Astara, & Mantovani, 2007). Nevertheless, it has been argued
that it is not the most appropriate questionnaire to assess symptoms of depression in
dementia (Kørner et al., 2006). However, they also state that results of the GDS
remain satisfactory, and they conclude that the GDS can still be used in the population
of older people with dementia (Kørner et al., 2006). Assessing symptoms of depres-
sion in dementia is challenging, considering the overlap between the symptoms of
depression and the symptoms of dementia, among which loss of interest, reduced
energy level, difficulty concentrating, and apathy (Hoogendijk, 1998). In studies diag-
nosing the presence of depression in people with dementia, this may however be a
larger problem than it has been in the present intervention studies, since in the latter
studies participants were mainly compared within groups, and served as their own
controls. Nonetheless, it is recommended in future studies to use an instrument specif-
ically designed for people with dementia, e.g. the Cornell Scale for Depression in
Dementia (Alexopoulos, Abrams, Young, & Shamoian, 1988). 
It is also important to take a close look at the physical activity interventions that
were offered and to determine whether some interventions could be improved in future
studies. Firstly, apart from walking or hand motor activity by itself, it could be consid-
ered to include other activities. In a review of physical activity intervention studies in
older people, it was shown that the combination of aerobic and anaerobic activities,
e.g. training of muscle strength, generated the largest effect (Colcombe & Kramer,
2003). Besides the type of activity, the duration of the intervention may be extended.
On the other hand, this may not be desirable concerning the age and frailty of the
current study population. A consequence of long-term trials is the higher loss to
follow-up, which may undermine the value of these trials (Burns & O’Brien, 2006).
Besides, also short-term trials of pharmacotherapy have been sufficient to demonstrate
cognitive benefits (Burns & O’Brien, 2006). Which type of intervention, i.e. length,
intensity, duration, frequency may lead to the most favorable outcome on cognition
requires further clarification. Whereas some argue that interventions with a duration of
longer than 6 months will generate the most benefit (Colcombe & Kramer, 2003),
others even refute the assumption that an increase of physical fitness itself is required
to generate a positive effect on cognition (Etnier, Nowell, Landers, & Sibley, 2006).
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Therefore, more research including for instance different types of activities, a longer
treatment period, and a younger study population could shed more light on the moder-
ators of the effects of physical activity on cognition. 
COMPENSATORY STRATEGIES
When it concerns physical activity interventions in older people, there are some factors
that should be taken into account. Firstly, older participants in physical activity studies
differ considerably in their motivation and effort, and thus study outcome may also
vary between participants (Spirduso & Cronin, 2001). Secondly, lack of a significant
benefit of a physical activity intervention in older people may be explained by a com-
pensatory reduction in overall physical activity. Older people have displayed this tech-
nique when participating in exercise training programs (Westerterp, 2000). More
specifically, a physical activity index (formed by dividing the total energy expenditure
by the resting energy expenditure) in older people did not seem to increase during an
exercise training program (Westerterp, 2000). An explanation could be that older
people compensate for exercise training by reducing their spontaneous activity during
the day (Morio et al., 1998). These findings were confirmed by another study in which
participation of older people in an exercise training program did result in increased
physical fitness but that the total physical activity level of the participants remained
unchanged (Meijer, Westerterp, & Verstappen, 1999). 
In the intervention studies of the present thesis, it is unknown to what degree
compensation for the activities in the interventions occurred. There is no information
available in the literature whether this also happens during interventions that do not
involve walking. In future physical activity intervention studies, regardless of the type
of physical activity, a possible compensation for the intervention should be taken into
account. Finally, to optimize the effects of a physical activity intervention, one may
use an intervention that is presumed to stimulate neural activity on the one hand, but
this could be accompanied by specific training of cognitive function on the other hand.
TRAINING
In the current thesis, the physical activity interventions did not turn out to be adequate
to significantly benefit overall cognition or cognitive domains in particular. Despite the
lack of brain imaging recordings it is likely that the interventions did activate brain
areas. Merely activating brain areas may however not be enough to actually improve or
maintain cognitive functioning in this group of older nursing home residents. It is
argued that cognitive functions may have to be actively trained. Support for this notion
stems from animal experimental studies examining treatment possibilities for neurode-
generative disorders, e.g. Parkinson’s disease. The replacement of lost cells and circuit
reconstruction in a neurodegenerative animal model by means of grafting may not be
sufficient for restoration of function (Döbrössy & Dunnett, 2001). Brain functioning
can be improved by increased neurotrophins, dendritic arborisation and synaptic
density, but by itself this may not be enough to recover cognitive function (Döbrössy
& Dunnett, 2001). Although physical activity may improve brain functioning (Churchill
et al., 2002; Neeper, Gómez-Pinilla, Choi, & Cotman, 1995), functional recovery may
require specific training, i.e. cognitive rehabilitation. This suggestion is reinforced by
pharmacological intervention studies in dementia. Pharmacotherapy alone has shown
modest effects on cognition, and cognitive training alone does not seem to benefit
cognition in dementia to a similar degree (Burns & O’Brien, 2006). Nonetheless, it has
appeared that pharmacological treatment combined with cognitive training enhances
treatment effect compared with pharmacotherapy alone (Bottino et al., 2005; Requena
et al., 2004). Notably, regarding the type of cognitive training that should be offered,
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training activities that are specifically needed in daily life activities (ADL) (procedural
memory) are more effective in improving cognition and ADL than stimulating ‘residual’
cognitive functions (Farina et al., 2002). Physical activity may reinforce brain function;
cognitive training could restore the patterns of behavior that were impaired by the neu-
rodegenerative disease. A possible synergistic effect of a physical activity intervention
combined with cognitive therapy is definitely worthy of a future randomized clinical
trial.
FUTURE DIRECTIONS
Functional imaging studies examining the effects of physical activity on cognition in
older people are emerging (Colcombe et al., 2004; Colcombe et al., 2006). Those
studies revealed that aerobically trained older people show increased brain volume
(Colcombe et al., 2006) and increased activation of the prefrontal, parietal and anterior
cingulate cortices during an inhibition task (Colcombe et al., 2004). The exact influ-
ence of physical activity on brain function in dementia is precarious. Further elucida-
tion of this issue requires brain imaging studies in dementia.
The precise role of concomitant cardiovascular disease in the effects of physical
activity on cognition in older people with dementia is to be determined. In future
physical intervention studies regarding people of an advanced age, particularly cardio-
vascular conditions, such as high blood pressure, should be closely monitored, to
prevent unwanted side-effects. Screening for cardiac disease before older people enter
a physical activity program has been suggested earlier (Lautenschlager, Almeida,
Flicker, & Janca, 2004). As the prevalence of cardiovascular disease increases with
advancing age (Priebe, 2000) and a possible aim in the future would be to avoid the
high cardiovascular burden present in the current population, focus may be on people
with dementia of a younger age, for instance people with a pre-senile onset of demen-
tia.  
The role of gender should also be taken into account. The studies in the current
thesis mainly focused on older women, since they account for the majority of the older
institutionalized population with dementia. There may have been gender differences in
treatment outcome, but this could not be established due to the small number of male
participants. With regard to the association between physical activity and cognition,
differences have been reported between men and women. More specifically, a positive
association between level of physical activity and information processing speed has
been reported in men, not in women (Dik et al., 2003). Also, incidence of cardiovascu-
lar disease is higher in men than in women (Li, Engström, Hedblad, & Janzon, 2006),
but this was not the case in the current studies, since this difference reduces with
advancing age (Li et al., 2006). In order to examine gender as a possible moderator in
the response to a physical activity intervention it is again argued that one could focus
on ‘younger’ older participants. 
CONCLUSIONS AND CLINICAL IMPLICATIONS
The present thesis has reviewed studies that report a positive relationship between
level of physical activity and cognition, mood, and the rest-activity rhythm. Unfortu-
nately, randomized controlled intervention studies in older people with dementia are
scarce and the intervention studies that do exist are usually not characterized by a
rigorous methodological design.
For older people, self-paced walking with a rollator turned out to be an activity
of moderate to high level of intensity, which is an intensity that can be sufficient to
improve aerobic fitness. Nonetheless, a walking intervention in the present thesis did
not exert a beneficial effect on the cognitive functioning in older nursing home resi-
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dents with moderately advanced dementia. A possible explanation for the lack of
benefit on cognition involves the serious cardiovascular co-morbidity that was present
in the study population. People with cardiovascular disease may have a reduced
cardiac output. It is speculated that the blood supply may have been to the organs
involved in the motor activity (e.g. legs) instead of to the brain, causing the cerebral
perfusion to diminish. If people of an advanced age participate in a physical activity
program, they should be closely monitored. In addition, gait disturbances are fre-
quently present in older people with dementia and, regarding the possible cardiovascu-
lar co-morbidity, the present thesis invites for the development of tailor-made physical
activity interventions with individualized risk-benefit considerations.
In view of the frailty of the present population, other types of activities were
used as an intervention in the present thesis. Performing hand movements is reported
to activate several brain areas. The group of older nursing home residents with
dementia that frequently participated in the hand motor activity intervention showed
improved mood. The observation of hand motor activity did not improve cognitive
domains significantly, but there were indications for a positive effect on more specific
cognitive functions. Both types of activities, i.e. execution and observation of hand
motor activity, are relatively easy to apply in the nursing home setting. The current
findings therefore seem encouraging.
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NEUROREVALIDATIE VAN DEMENTIE KOMT IN BEWEGING
INVLOED VAN LICHAMELIJKE ACTIVITEIT OP COGNITIE, STEMMING EN SLAAP-WAAK RITME
Dementie
De vergrijzing van de populatie heeft geresulteerd in een grote toename van ouderen
met dementie. Er bestaan verschillende subtypen dementie, waarvan de ziekte van Alz-
heimer (AD) het meest voorkomende subtype is. Andere vaak voorkomende subtypen
zijn vasculaire dementie (VaD), dementie met Lewy lichaampjes (DLB) en frontotempo-
rale dementie (FTD) (Bastos Leite, Scheltens, Barkhof, 2004). Het huidige proefschrift
richt zich op ouderen met dementie woonachtig in verzorgingshuizen. Helaas ontbre-
ken bij deze mensen vaak gegevens over het specifieke subtype van de dementie en is
een definitieve diagnose slechts te stellen door middel van post-mortem onderzoek
(Dickson, 2001). In de verschillende subtypen dementie is echter enige overlap in de
neuropathologie, zoals vasculaire pathologie. Vasculaire pathologie betreft onder meer
gebieden in de hersenen die door verstopping van de bloedvaten te weinig bloed en
dus ook te weinig zuurstof hebben gekregen (Bastos Leite et al., 2004). Met name bij
ouderen van zeer hoge leeftijd betreft de neuropathologie van dementie vaak kleine
infarcten (Rastas et al., 2007). De twee meest voorkomende subtypen dementie, AD
en VaD, tonen met name veel overlap in de neuropathologie en vertonen vergelijkbare
cerebrovasculaire problematiek (O’Brien, 2006). In alle 4 subtypen dementie komt in
bepaalde hersengebieden een chronische verminderde bloeddoorstroming (cerebrale
hypoperfusie) voor (Defebvre et al., 1999; Du et al., 2006; Román, 2005).
De vasculaire component, aanwezig in de verschillende subtypen van dementie,
biedt als mogelijke behandelvorm het uitvoeren van lichamelijke activiteit (Kalaria,
2000). Lichamelijke activiteit vermindert het risico op een beroerte en leidt tot een
toename in de cerebrale doorbloeding (Critchley, Corfield, Chandler, Mathias, & Dolan,
2000; Oczkowski, 2005). Dierexperimenteel onderzoek heeft verschillende neurobiolo-
gische mechanismen aangetoond die een rol spelen in de positieve effecten van licha-
melijke activiteit op de hersenen. Neurotransmitters en neurotrofines, stoffen die
belangrijk zijn voor de plasticiteit van de hersenen, worden gestimuleerd als gevolg van
lichamelijke activiteit en leiden tot de aanmaak van nieuwe hersencellen en verbindin-
gen tussen hersencellen (zie voor een review Churchill et al., 2002). Tevens leidt licha-
melijke activiteit tot de aanmaak van haarvaatjes hetgeen de cerebrale
bloedvoorziening bevordert (Ding et al., 2006). 
Uit epidemiologisch onderzoek bij mensen volgt dat de participatie in lichamelijke
activiteit geassocieerd is met een minder risico op het krijgen van dementie (Larson et
al., 2006; Rovio et al., 2005). De oorzaak-gevolg relatie is uit dit soort onderzoek
echter niet vast te stellen; daartoe dient men gebruik te maken van gerandomiseerde
en gecontroleerde interventiestudies (Fratiglioni et al., 2004). In zo’n interventiestudie
vertoonden ouderen zonder dementie die meededen aan een lichamelijk activiteitspro-
gramma een toename van het hersenvolume vergeleken met ouderen in de controle
groep (Colcombe et al., 2006). In een review van verschillende interventiestudies bij
ouderen zonder dementie vertoonden de deelnemers na de lichamelijke activiteitsinter-
ventie een verbeterde prestatie op cognitieve taken, met name taken die een beroep
doen op de executieve functies zoals het plannen, initiëren en inhiberen van gedrag
(Colcombe & Kramer, 2003). Juist deze complexe cognitieve functies spelen een
belangrijke rol in de dagelijkse activiteiten (Barrington & Yoder-Wide, 2006). Uit enkele
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studies blijkt dat het hebben van een bepaald eiwit, het Apolipoprotein epsilon 4
(ApoE4) eiwit van invloed kan zijn op de relatie tussen lichamelijke activiteit en het ver-
minderde risico op dementie. In sommige studies is aangetoond dat het hebben van het
ApoE4 genotype de relatie tussen lichamelijke activiteit en de verminderde kans op
dementie versterkt (Etnier et al., 2007; Rovio et al., 2005; Schuit, Feskens, Launer, &
Kromhout, 2005), maar er is ook aangetoond dat het hebben van dit genotype de
relatie tenietdoet (Podewils et al., 2005). In het huidige proefschrift is onderzocht wat
de effecten zijn van verschillende vormen van beweging op de cognitie van ouderen
met dementie. Sinds stemmings- en gedragsproblemen eveneens veel voorkomen bij
ouderen met dementie (Assal & Cummings, 2002), werden de effecten van beweging
op deze variabelen eveneens onderzocht. Het proefschrift is verdeeld in een review
deel en een klinisch deel.
Review deel
In hoofdstuk 2 werden de effecten van lichamelijke activiteit op de cerebrale perfusie
en cognitie in de ziekte van Alzheimer (AD) besproken. Er zijn slechts enkele interven-
tiestudies uitgevoerd die de effecten van lichamelijke activiteit op de cognitie onder-
zoeken in AD patiënten en de studies vertonen vaak methodologische tekortkomingen.
De meeste studies die gedaan zijn laten een positief effect zien, hetgeen mogelijk ver-
oorzaakt wordt door een toename in de cerebrale bloedtoevoer (perfusie). Bij verande-
ringen in de cerebrale perfusie is een belangrijke rol weggelegd voor nitric oxide (NO),
een stof die tot vaatverwijding leidt (Huang et al., 1995). In AD is het metabolisme van
NO verstoord en is de cerebrale doorbloeding afgenomen (Zhang, Zhou, & Dani, 2006).
Hoewel NO productie wordt opgevoerd, wordt homeostase niet bereikt en blijft het NO
niveau ontregeld (De La Torre, 2002). Verstoring van het niveau van NO kan zelfs
leiden tot een beschadiging van het endotheel van de bloedvatwand, hetgeen weer de
kans op vasculaire ziekten verhoogt (De La Torre, 2002). Cerebrovasculaire problema-
tiek kan op haar beurt weer leiden tot schade aan de bloedvatwand (Nagai, De Mol,
Lijnen, Carmeliet, & Collen, 1999). Interessant is dat een relatie bestaat tussen NO,
cerebrale perfusie en fysieke activiteit. In dierexperimentele studies blijkt dat de pro-
ductie van NO wordt gestimuleerd door lichamelijke activiteit (Endres et al., 2003). Een
toegenomen niveau van NO leidt tot vaatverwijding en als gevolg daarvan tot een toe-
genomen cerebrale perfusie (Endres et al., 2003). Meer en meer wordt echter duidelijk
dat AD gekenmerkt wordt door vasculaire risicofactoren zoals hypertensie hetgeen
hypoperfusie tot gevolg kan hebben (De La Torre, 2002). Het NO metabolisme, al ver-
stoord in AD, zou door de geforceerde NO verhoging als gevolg van lichamelijke activi-
teit in combinatie met de vasculaire ziekten nog meer ontregeld kunnen worden. Deze
cascade van gebeurtenissen zou de positieve effecten van lichamelijke activiteit op
cognitie kunnen verminderen bij ouderen met dementie die tevens lijden aan vasculaire
ziekten. Een ander probleem dat zich voordoet bij mensen met vasculaire problematiek
is dat zij een verminderde cardiale output kunnen hebben (Witte & Clark, 2007). Deze
verminderde cardiale output zou tijdens lichamelijke activiteit kunnen leiden tot een
tekort aan bloedvoorziening naar het brein (Koike et al., 2004), hetgeen een positief
effect van de lichamelijke activiteit op de cognitie zou kunnen belemmeren. In de klini-
sche interventie studies die bij ouderen met dementie de effecten van alleen lichame-
lijke activiteit op de cognitie onderzochten laten 7 van de 8 studies een positief effect
op cognitie zien, waarbij 3 studies patiënten met cardiovasculaire risicofactoren exclu-
deerden en 2 studies deze mensen includeerden. Deze bevindingen suggereren dat car-
diovasculaire risicofactoren van invloed kunnen zijn op de effecten van lichamelijke
activiteit op cognitie, maar dat ze positieve effecten niet zonder meer uitsluiten. De
mogelijke risico’s voor ouderen met dementie zijn echter onvoldoende onderzocht. Bij
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het voorschrijven van lichamelijke activiteitsprogramma’s aan ouderen met dementie,
dienen de deelnemers grondig te worden onderzocht met speciale aandacht voor vas-
culaire problematiek.
Hoofdstuk 3 beschreef studies die de effecten van een lichamelijke activiteitsin-
terventie op verstoord gedrag bij ouderen met dementie onderzoeken. Verstoord
gedrag, zoals stemmingstoornissen, slaapstoornissen en stoornissen in de functionele
mobiliteit (activiteiten van het dagelijks leven) zijn zowel een last voor de persoon zelf
als voor de mantelzorger (Donaldson, Tarrier, & Burns, 1998). De grote last voor de
mantelzorger is sterk gerelateerd aan de plaatsing van ouderen met dementie in een
verzorgingshuis (Schur & Whitlatch, 2003). De indirecte positieve effecten van een
lichamelijke activiteitsinterventie op de last van de mantelzorger zouden daardoor
kunnen leiden tot het langer kunnen thuiswonen van ouderen met dementie. In dit
hoofdstuk werd een literatuuronderzoek beschreven van 27 studies die de effecten van
lichamelijke activiteit op stemming, slaap en functionele mobiliteit onderzochten bij
ouderen met dementie. Bij het evalueren van de studies werd rekening gehouden met
de methodologische kwaliteiten van de studies. Lopen bleek de meest effectieve licha-
melijke activiteit om de stemming te verbeteren. Studies die de effecten op stemming
tijdens het uitvoeren van de lichamelijke activiteit onderzochten, rapporteerden
allemaal dat de lichamelijke activiteit werd gewaardeerd. Indien lichamelijke activiteit
frequent werd uitgevoerd, bleek de kwaliteit van slaap te verbeteren; de deelnemers
sliepen langer onafgebroken door. Positieve effecten van lichamelijke activiteit op de
functionele mobiliteit werden alleen gevonden in studies die een lange interventieperi-
ode betroffen. Deze positieve effecten op de stemming, slaap en functionele mobiliteit
kunnen een verminderde last voor de mantelzorger tot gevolg hebben.
Klinisch deel
Ouderen met dementie die wonen in verzorgingshuizen vertonen cognitieve achteruit-
gang en vaak stoornissen in het slaap-waak ritme (Ancoli-Israel, 2005). Deze ouderen
kunnen variëren in hun mate van lichamelijke activiteit, ook indien het ambulante
ouderen betreft (Kochersberger, McConnell, Kuchibhatla, & Pieper, 1996). In hoofd-
stuk 4 is onderzocht in welke mate het niveau van lichamelijke activiteit geassocieerd
is met zowel het slaap-waak ritme als het cognitief functioneren bij ambulante ouderen
met dementie woonachtig op psychogeriatrische afdelingen van verzorgingshuizen. De
teamleiders van de verzorging werden gevraagd de bewoners in te delen als lichamelijk
‘actief’ of ‘niet-actief’. Het slaap-waak ritme, d.w.z. het rust-activiteitsritme, van de
bewoners werd gemeten door middel van een actometer. Dit is een apparaatje dat
gedragen wordt om de pols als een horloge en de activiteit gedurende de dag en de
nacht registreert. Het cognitief functioneren werd gemeten door middel van neuropsy-
chologische testen. Uit de gegevens van de actometer bleek dat de ouderen die als
‘actief’ waren bestempeld een significant beter rust-activiteitsritme hadden dan de
‘niet-actieve’ ouderen. Er waren aanwijzingen dat de ‘actieve’ groep cognitief beter
presteerde dan de ‘niet-actieve’ groep. Er werd echter geen directe relatie gevonden
tussen de mate van lichamelijke activiteit, het rust-activiteitsritme en de cognitie. De
belangrijkste conclusie van de studie is dat bij ambulante ouderen met een matig
gevorderde dementie woonachtig op vergelijkbare psychogeriatrische afdelingen ver-
schillen bestaan in cognitie en rust-activiteitsritme, maar dat de precieze relatie tussen
deze parameters onduidelijk is.
Een vorm van lichamelijke activiteit die het meest wordt uitgevoerd door
ouderen is lopen (Weuve et al., 2004). Bij gezonde ouderen is aangetoond dat aerobe
activiteit (stevig wandelen, joggen) een positief effect heeft op cognitie, met name op
de executieve (uitvoerende) functies (Kramer et al., 1999). Deze activiteit bleek van
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voldoende intensiteit om de lichamelijke conditie te verbeteren. Veel ouderen echter
joggen niet maar lopen langzaam en maken tijdens het lopen gebruik van een rollator
(Edwards & Jones, 1998). In hoofdstuk 5 is onderzocht wat het exacte niveau van
energieverbruik is van mensen van 75 jaar of ouder die tijdens het lopen gebruik maken
van een rollator. Er werd onderzocht of het lopen met een rollator van voldoende inten-
siteit is om een mogelijke verbetering van de lichamelijke conditie te kunnen bewerk-
stelligen. Hiertoe liepen 15 ouderen met een gemiddelde leeftijd van 83.7 jaar met hun
rollator in hun eigen tempo op een lopende band en werd het energieverbruik en de
hartslag bepaald. Het lopen met een rollator bleek een matig tot zware lichamelijke
inspanning voor deze groep ouderen van hoge leeftijd. De intensiteit van deze lichame-
lijke activiteit is voldoende om tot een mogelijke verbetering van de conditie te komen.
In hoofdstuk 6 werd vervolgens onderzocht of lopen, aangeboden als een inter-
ventie, een positief effect heeft op de cognitie van ouderen met dementie die wonen in
verzorgingshuizen. De studie includeerde 97 deelnemers (met een gemiddelde leeftijd
van 85.4 jaar) die werden verdeeld in een experimentele groep en een controle groep.
De experimentele groep liep samen (met of zonder hulpmiddel) met een begeleider voor
30 minuten, 5 dagen per week, gedurende 6 weken. Om te corrigeren voor het sociale
contact tijdens de loopinterventie, ontving de controle groep in dezelfde frequentie
bezoek. Om het cognitieve functioneren in kaart te brengen werden neuropsychologi-
sche testen afgenomen voor de interventie, na de 6 weken durende interventie en
weer 6 weken na beëindiging van de interventie. Aangezien het hebben van het ApoE4
genotype van invloed kan zijn op de relatie tussen lichamelijke activiteit en cognitie,
werd het ApoE genotype van de deelnemers bepaald. De loopinterventie bleek geen
positief effect te hebben op de cognitie in deze groep ouderen met dementie. Een
mogelijke verklaring voor het afwezig zijn van een positief effect zou de hoge mate van
cardiovasculaire belasting van de deelnemers (89%) kunnen zijn. Cardiovasculaire
belasting kan leiden tot een verminderde cardiale output (Witte & Clark, 2007),
hetgeen een toename van de cerebrale bloedtoevoer als gevolg van lopen, zou kunnen
beperken (Koike et al., 2004). Het ApoE genotype bleek geen invloed te hebben op de
gevonden resultaten. Dit bevestigt de eerdere bevinding dat bij ouderen van hoge
leeftijd het ApoE4 effect verminderd is (Juva et al., 2000).
Ouderen in verzorgingshuizen zijn een zeer kwetsbare groep (Ang, Au, Yap, &
Ee, 2006) en vaak niet meer in staat om (langere stukken) te lopen. Een vorm van
lichamelijke activiteit waarbij niet gelopen hoeft te worden is het uitvoeren van hand-
bewegingen. Tijdens het uitvoeren van handbewegingen zijn veel hersengebieden
actief (Rizzolatti, Fadiga, Gallese, & Fogassi, 1996). In hoofdstuk 7 werden de
effecten van een handbewegingsinterventie op de cognitie, de stemming en het rust-
activiteitsritme onderzocht. In deze studie participeerden 61 ouderen met dementie
woonachtig in verzorgingshuizen (met een gemiddelde leeftijd van 84.6 jaar). De deel-
nemers participeerden in een handbewegingsprogramma (experimentele groep) of een
voorleesprogramma (controle groep). Beide programma’s werden voor 30 minuten, 5
dagen per week gedurende 6 weken aangeboden door activiteitenbegeleiders of
getrainde studenten. Door middel van neuropsychologische testen en vragenlijsten
werd het cognitief functioneren en de stemming gemeten en het rust-activiteitsritme
werd in kaart gebracht door middel van een actometer. Na de interventie bleek er over
de hele groep die handbewegingen uitgevoerd had geen significante verbetering te zijn
opgetreden in het cognitief functioneren, de stemming en het rust-activiteitsritme.
Echter, bij de subgroep van deelnemers die de interventie frequent hadden bijgewoond
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werd een verbetering van stemming gevonden. Deze bevinding kan bijdragen aan de
ontwikkeling van activiteitenprogramma’s voor oudere verzorgingshuisbewoners met
dementie.
Niet alleen als wij zelf onze handen bewegen, maar ook als wij kijken naar
iemand anders die zijn handen beweegt worden er neuronen in onze hersenen actief
(zogenaamde ‘spiegelneuronen’) (zie voor review Rizzolatti & Graighero, 2004). Aange-
zien de mogelijkheid van ouderen om te participeren in lichamelijke activiteit geredu-
ceerd kan zijn en zelfs het uitvoeren van handbewegingen beperkt kan zijn (Carmeli,
Patish, & Coleman, 2003), is het interessant te onderzoeken of het observeren van
handbewegingen mogelijk kan leiden tot een positief effect op het cognitief functione-
ren van ouderen met dementie. Hiervoor werden in een kleine (‘pilot’) studie, beschre-
ven in hoofdstuk 8, 44 verzorgingshuisbewoners met dementie (met een gemiddelde
leeftijd van 85.7 jaar) onderzocht. De deelnemers bekeken videobanden waarbij hand-
bewegingen centraal stonden (experimentele groep) of videobanden van een documen-
taire waarbij handbewegingen niet centraal stonden (controle groep). Beide soorten
banden duurden een half uur en werden 5 dagen per week, gedurende 6 weken
getoond. Neuropsychologische testen werden voor de interventie, na de interventie en
6 weken daarna afgenomen om het cognitief functioneren in kaart te brengen.
Ondanks het feit dat er enige aanwijzingen zijn dat bepaalde cognitieve functies beter
reageerden op de interventie dan anderen is een conclusie van een totale cognitieve
verbetering niet gerechtvaardigd.
Discussie
Uit het review deel van dit proefschrift kan geconcludeerd worden dat er relatief
weinig klinische interventiestudies zijn verricht die de effecten van beweging op het
cognitief functioneren, de stemming en het rust-activiteitsritme bij ouderen met
dementie hebben onderzocht. De resultaten van de studies zijn niet geheel consistent
en veel studies vertonen methodologische onvolkomenheden. In dit proefschrift zijn
verschillende vormen van lichamelijke activiteit, van verschillende mate van intensiteit,
als interventie aangeboden bij ouderen met dementie woonachtig in verzorgingshuizen.
De resultaten tonen aan dat de loopinterventie, de vorm van lichamelijke activiteit van
de hoogste intensiteit, geen positief effect had op de cognitie. Een mildere vorm van
lichamelijke activiteit, het uitvoeren van handbewegingen, leidde eveneens niet tot ver-
beterde cognitie, echter de ouderen die regelmatig de interventie bijwoonden hadden
een verbeterde stemming. Bij de interventie met de minste mate van motorische inten-
siteit, het observeren van handbewegingen, waren er enige aanwijzingen dat bepaalde
cognitieve functies beter reageerden. 
Er zijn verschillende mogelijke verklaringen voor de gevonden resultaten aan te
voeren. Ten eerste is in hoofdstuk 2 en 6 benadrukt wat de mogelijke rol geweest kan
zijn van de grote mate van cardiovasculaire comorbiditeit aanwezig in de deelnemers.
Ouderen met dementie, onafhankelijk van welk subtype dementie, hebben in bepaalde
hersengebieden een verminderde perfusie. Cardiovasculaire aandoeningen, zoals een
hoge bloeddruk en hartritmestoornissen, als ook het gebruik van bepaalde medicatie
door cardiale patienten, kunnen de output van het hart beperken (Everly, Heaton, &
Cluxton, 2004; Witte & Clark, 2007). Bloedtoevoer naar onze organen is afhankelijk
van de cardiale output. Een toename van de bloedvoorziening naar de spieren als
gevolg van lichamelijke activiteit, kan bij mensen met een verminderde cardiale output
tot een vermindering van bloedvoorziening van de hersenen leiden (Koike et al., 2004;
Ide, Horn, & Secher, 1999). Sinds cerebrale perfusie en cognitie sterk aan elkaar
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gekoppeld zijn (Iadecola, 2004) zou dit een mogelijke verklaring kunnen bieden
waarom de ouderen in de huidige loopstudie geen toename van het cognitief functione-
ren vertoonden.
Ten tweede kan het beperkte effect op de cognitie in de huidige studies gelegen
hebben aan een verminderde mogelijkheid om deel te nemen aan de interventie als
gevolg van een beperking in het motorische functioneren. Studies hebben gerappor-
teerd dat motorische stoornissen samen kunnen gaan met cognitieve achteruitgang
(Scherder et al., 2007). Zo vertonen mensen met een milde cognitieve achteruitgang
(MCI) meer loopstoornissen vergeleken met gezonde ouderen en vertonen AD patiën-
ten in een matig gevorderd stadium meer loopstoornissen dan AD patiënten in een nog
pril stadium (Goldman, Baty, Buckles, Sahrmann, & Morris, 1999; Scherder et al.,
2007). Naast loopstoornissen zijn er bij ouderen ook stoornissen in de handmotoriek
gerapporteerd. Vergeleken met ouderen zonder dementie vertonen ouderen met MCI
meer stoornissen in de fijne hand motoriek en vertonen AD patiënten zowel stoornis-
sen in de fijne - als in de grove handmotoriek (Kluger et al., 1997). Mate waarin
mensen participeerden en in staat waren te participeren in de interventie zou bij ver-
volgonderzoek meegenomen dienen te worden.
Tevens zou in vervolgonderzoek bekeken kunnen worden in hoeverre een aange-
boden loopinterventie ook daadwerkelijk leidt tot een toename in dagelijks energiever-
bruik van de deelnemers. Zo is gebleken dat ouderen die meededen aan een
bewegingsprogramma, deze inspanning compenseerden door gedurende de rest van de
dag minder lichamelijk actief te zijn (Westerterp, 2000). Daarnaast zou samen met een
bewegingsinterventie eveneens cognitieve therapie kunnen worden aangeboden om
het cognitief functioneren extra te stimuleren. Om tot een daadwerkelijke verbetering
in de cognitie te komen zou, naast het stimuleren van de hersenen, specifieke cogni-
tieve training noodzakelijk kunnen zijn (Döbrössy & Dunnett, 2001). Beeldvormende
technieken kunnen eveneens worden ingezet om de effecten van lichamelijke activiteit
op cognitie te onderzoeken. Bij ouderen zonder dementie is dit reeds gedaan (Col-
combe et al., 2006; Colcombe et al., 2004), maar bij ouderen met dementie nog niet.
Conclusies en klinische implicaties
In het huidige proefschrift werd beschreven dat de studies gevonden in de literatuur
wat betreft de effecten van lichamelijke activiteit op cognitie bij ouderen met dementie
schaars zijn en niet gekarakteriseerd worden door een zeer goede methodologie. De kli-
nische interventiestudies van het proefschrift uit hoofdstuk 6, 7 en 8 nodigen uit tot
vervolgonderzoek, onder andere om te bekijken wat de karakteristieken zijn van de
mensen die waarschijnlijk profijt hebben van lichamelijke activiteit en bij welke mensen
dit mogelijk minder het geval zou kunnen zijn. Gezien de belangrijke rol die cardiovas-
culaire problematiek kan spelen in de effecten van lichamelijke activiteit op cognitie en
het gegeven dat deze problematiek toeneemt met de leeftijd (Priebe, 2000) zou de
focus van vervolgonderzoek ook gelegd kunnen worden op jongere deelnemers, zoals
bijvoorbeeld jong dementerenden. Mensen van hogere leeftijd die meedoen aan een
lichamelijk activiteitsprogramma zouden zorgvuldig gescreend dienen te worden op de
aanwezigheid van cardiovasculaire problematiek, zoals een hoge bloeddruk, en zouden
gedurende de interventie gemonitord dienen te worden. Tevens blijken ouderen met
dementie vaak te lijden aan motorische stoornissen. Het huidige proefschrift adviseert
daarom de ontwikkeling van op maat gemaakte lichamelijke activiteitsinterventies
waarbij een continue individuele kosten-baten analyse zou kunnen worden gemaakt.
Met het oog op de kwetsbaarheid van de populatie onderzocht in deze studies
zijn er ook andere vormen van lichamelijke activiteit aangeboden als interventie. Het
uitvoeren van handbewegingen leidt tot activatie van verschillende belangrijke hersen-
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gebieden. De subgroep ouderen in het huidige proefschrift die frequent deelnamen aan
de handbewegingsinterventie vertoonden een significante verbetering in stemming.
Het observeren van handbewegingen leidde niet tot een significante algehele verbete-
ring van cognitie, maar er waren aanwijzingen dat sommige cognitieve functies positief
beïnvloed werden. De huidige onderzoeksgroep bestond uit verzorgingshuisbewoners
van hoge leeftijd in reeds een matig gevorderd stadium van dementie, waarbij grote
effecten misschien ook niet te verwachten waren. Alle 3 typen interventies, met name
het zelf uitvoeren van handbewegingen en het observeren van handbewegingen, zijn
relatief simpel te implementeren in de verzorgingshuissetting. De geobserveerde
effecten op bijvoorbeeld stemming zijn, om die reden, dus bemoedigend.
147
References
REFERENCES
Abbott, R.D., White, L.R., Ross, G.W., Masaki, K.H., Curb, J.D., & Petrovitch, H. (2004). Walking and
dementia in physically capable elderly men. The Journal of the American Medical Association, 292,
1447-1453.
Abell, J.E., Hootman, J.M., & Helmick, C.G. (2004). Prevalence and impact of arthritis among nursing
home residents. Annals of the Rheumatic Diseases, 63, 591-594.
Adlard, P.A., Perreau, V.M., Pop, V., & Cotman, C.W. (2005). Voluntary exercise decreases amyloid
load in a transgenic model of Alzheimer’s disease. The Journal of Neuroscience, 25, 4217-4221.
Agah, R., Ellis, S., Chase, S., Henderson, M., Mlady, L., Murugesan, G., et al. (2005). Creation of a
large-scale genetic data bank for cardiovascular association studies. American Heart Journal, 150,
500-506.
Ainsworth, B.E., Haskell, W.L., Leon, A.S., Jacobs, D.R. Jr., Montoye, H.J., Sallis, J.F., et al. (1993).
Compendium of physical activities: classification of energy costs of human physical activities. Medicine
and Science in Sports and Exercise, 25, 71-80.
Alessi, C.A., Martin, J.L., Webber, A.P., Kim, E.C., Harker, J.O., & Josephson, K.R. (2005).
Randomized, controlled trial of a nonpharmacological intervention to improve abnormal sleep/wake
patterns in nursing home residents. Journal of the American Geriatrics Society, 53, 803-810. 
Alessi, C.A., Schnelle, J.F., MacRae, P.G., Ouslander, J.G., Alsamarrai, N., Simmons, S. F., et al.
(1995). Does Physical-Activity Improve Sleep in Impaired Nursing-Home Residents. Journal of the
American Geriatrics Society, 43, 1098-1102.
Alessi, C.A., Yoon, E.J., Schnelle, J.F., Al Samarrai, N.R., & Cruise, P.A. (1999). A randomized trial of
a combined physical activity and environmental intervention in nursing home residents: Do sleep and
agitation improve? Journal of the American Geriatrics Society, 47, 784-791.
Alexopoulos, G.S., Abrams, R.C., Young, R.C., & Shamoian, C.A. (1988). Cornell Scale for Depression
in Dementia. Biological Psychiatry, 23, 271-284.
Allaire, J.C., & Marsiske, M. (2005). Intraindividual variability may not always indicate vulnerability in
elders' cognitive performance. Psychology and Aging, 20, 390-401.
Almkvist, O. (2003). Cognitive syndrome(s) in preclinical and clinical vascular dementia. International
Psychogeriatrics, 15 suppl, 127-131.
Almkvist, O., Jelic, V., Amberla, K., Hellstrom-Lindahl, E., Meurling, L., & Nordberg, A. (2001).
Responder characteristics to a single oral dose of cholinesterase inhibitor: a double-blind placebo-
controlled study with tacrine in Alzheimer patients. Dementia and Geriatric Cognitive Disorders, 12,
22-32.
American College of Sports Medicine Position Stand. (1998). The recommended quantity and quality of
exercise for developing and maintaining cardiorespiratory and muscular fitness, and flexibility in healthy
adults. Medicine and Science in Sports and Exercise, 30, 975-991.
Ancoli-Israel, S., Klauber, M.R., Jones, D.W., Kripke, D.F., Martin, J., Mason, W., et al. (1997).
Variations in circadian rhythms of activity, sleep, and light exposure related to dementia in nursing-
home patients. Sleep, 20, 18-23.
Andrén, S., & Elmståhl, S. (2005). Familiy caregivers’ subjective experience of satisfaction in dementia
care: aspects of burden, subjective health and sense of coherence. Scandinavian Journal of Caring
Sciences, 19, 157-168. 
Ang, E.T., Wong, P.T., Moochhala, S., & Ng, Y.K. (2003). Neuroprotection associated with running: is
it a result of increased endogenous neurotrophic factors? Neuroscience, 118, 335-345.
Ang, Y.H., Au, S.Y., Yap, L.K., & Ee, C.H. (2006). Functional decline of the elderly in a nursing home.
Singapore Medical Journal, 47, 219-224.
148
Anstey, K., & Christensen, H. (2000). Education, activity, health, blood pressure and apolipoprotein E
as predictors of cognitive change in old age: a review. Gerontology, 46, 163-177.
Anton, E.S., Sandrock, Jr. A.W, & Matthew, W.D. (1994). Merosin promotes neurite growth and
Schwann cell migration in vitro and nerve regeneration in vitro: evidence using an antibody to merosin,
ARM-1. Developmental Biology, 164, 133-146.
Arent, S.M., Landers, D.M., & Etnier, J.L. (2000). The effects of exercise on mood in older adults: A
meta-analytic review. Journal of Aging and Physical Activity, 8, 407-430.
Arkin, S.M. (1999). Elder Rehab: A Student-Supervised Exercise Program for Alzheimer's Patients. The
Gerontologist, 39, 729-735.
Arkin, S.M. (2001). Alzheimer rehabilitation by students: Interventions and outcomes.
Neuropsychological Rehabilitation, 11, 273-317.
Arkin, S.M. (2003). Student-led exercise sessions yield significant fitness gains for Alzheimer's
patients. American Journal of Alzheimer's Disease and Other Dementias, 18, 159-170.
Aron, A.R., & Poldrack, R.A. (2005). The cognitive neuroscience of response inhibition: relevance for
genetic research in attention-deficit/hyperactivity disorder. Biological Psychiatry, 57, 1285-92.
Arrindell, W.A., & Ettema, J.H. (1986). SCL-90. Handleiding bij een multidimensionele
psychopathologie-indicator. Lisse: Swets & Zeitlinger.
Assal, F., & Cummings, J.L. (2002). Neuropsychiatric symptoms in the dementias. Current Opinion in
Neurology, 15, 445-450.
Attwell, D., & Iadecola, C. (2002). The neural basis of functional brain imaging signals. Trends in
Neurosciences, 25, 621-625.
Avila, R., Bottino, C.M., Carvalho, I.A., Santos, C.B., Seral, C., & Miotto, E.C. (2004).
Neuropsychological rehabilitation of memory deficits and activities of daily living in patients with
Alzheimer's disease: a pilot study. Brazilian Journal of Medical and Biological Research, 37, 1721-
1729.
Ballard, C., O'Brien, J., Barber, B., Scheltens, P., Shaw, F., McKeith, I., et al. (2000).
Neurocardiovascular instability, hypotensive episodes, and MRI lesions in neurodegenerative dementia.
Annals of the New York Academy of Sciences, 903, 442-445.
Barber, R., Scheltens, P., Gholkar, A., Ballard, C., McKeith, I., Ince, P., et al. (1999). White matter
lesions on magnetic resonance imaging in dementia with Lewy bodies, Alzheimer's disease, vascular
dementia, and normal aging. Journal of Neurology, Neurosurgery, and Psychiatry, 67, 66-72.
Barnes, D.E., Yaffe, K., Satariano, W.A., & Tager, I.B. (2003). A longitudinal study of cardiorespiratory
fitness and cognitive function in healthy older adults. Journal of the American Geriatrics Society, 51,
459-465.
Barraclough, N.E., Xiao, D., Oram, M.W., & Perrett, D.I. (2006). The sensitivity of primate STS
neurons to walking sequences and to the degree of articulation in static images. Progress in Brain
Research, 154, 135-148.
Barrington, L., & Yoder-Wise, PS. (2006). Executive control function: a clinically practical assessment.
Journal of Gerontological Nursing, 32, 28-34; quiz 35-6.
Bassuk, S.S., & Manson, J.E. (2003). Physical activity and the prevention of cardiovascular disease.
Current atherosclerosis reports, 5, 299-307.
Bastos Leite, A.J., Scheltens, P., & Barkhof, F. (2004). Pathological aging of the brain: an overview.
Topics in Magnetic Resonance Imaging, 15, 369-389.
Baum, E.E., Jarjoura, D., Polen, A.E., Faur, D., & Rutecki, G. (2003). Effectiveness of a group exercise
program in a long-term care facility: A randomized pilot trial. Journal of the American Medical Directors
Association, 4, 74-80.
149
References
Baum, L., Lam, L.C., Kwok, T., Lee, J., Chiu, H.F., Mok, V.C., et al. (2006). Apolipoprotein E epsilon4
allele is associated with vascular dementia. Dementia and Geriatric Cognitive Disorders, 22, 301-305.
Baumbach, G.L., & Heistad, D.D. (1983). Effects of sympathetic stimulation and changes in arterial
pressure on segmental resistance of cerebral vessels in rabbits and cats. Circulation Research, 52,
527-533. 
Bayliss, E.A., Ellis, J.L., & Steiner, J.F. (2005). Subjective assessments of comorbidity correlate with
quality of life health outcomes: initial validation of a comorbidity assessment instrument. Health and
Quality of Life Outcomes, 3, 51.
Benton, A.L., De Hamsher, S.K., & Sivan, A.B. (1983). Multilingual aphasia examination (2nd ed.).
Iowa City, IA: AJA Associates.
Berchtold, N.C., Kesslak, J.P., & Cotman, C.W. (2002). Hippocampal brain-derived neurotrophic factor
gene regulation by exercise and the medial septum. Journal of Neuroscience Research, 68, 511-521.
Bierman, E.J., Comijs, H.C., Jonker, C., & Beekman, A.T. (2005). Effects of anxiety versus depression
on cognition in later life. The American Journal of Geriatric Psychiatry, 13, 686-693.
Bizzarro, A., Marra, C., Acciarri, A., Valenza, A., Tiziano, F.D., Brahe, C., et al. (2005). Apolipoprotein
E epsilon4 allele differentiates the clinical response to donepezil in Alzheimer's disease. Dementia and
Geriatric Cognitive Disorders, 20, 254-621.
Black, J.E., Isaacs, K.R., Anderson, B.J., Alcantara, A.A., & Greenough, W.T. (1990). Learning causes
synaptogenesis, whereas motor activity causes angiogenesis, in cerebellar cortex of adult rats.
Proceedings of the National Academy of Sciences of the Unites States of America, 87, 5568-5572.
Blake, D.T., Byl, N.N., & Merzenich, M.M. (2002). Representation of the hand in the cerebral cortex.
Behavioural Brain Research, 135, 179-184.
Blennow, K., De Leon, M.J., & Zetterberg, H. (2006). Alzheimer's disease. Lancet, 368, 387-403.
Blesa, R., Aguilar, M., Casanova, J.P., Boada, M., Martínez, S., Alom, J., et al.  (2006). Relationship
between the efficacy of rivastigmine and apolipoprotein E (epsilon4) in patients with mild to moderately
severe Alzheimer disease. Alzheimer Disease and Associated Disorders, 20, 248-254.
Bliwise, D.L. (2004). Sleep disorders in Alzheimer's disease and other dementias. Clinical Cornerstone,
6 suppl, S16-28.
Boccardi, M., Sabattoli, F., Testa, C., Beltramello, A., Soininen, H., & Frisoni, G.B. (2004). APOE and
modulation of Alzheimer's and frontotemporal dementia. Neuroscience Letters, 356, 167-170.
Bokde, A.L., Teipel, S.J., Drzezga, A., Thissen, J., Bartenstein, P., Dong, W., et al. (2005).
Association between cognitive performance and cortical glucose metabolism in patients with mild
Alzheimer's disease. Dementia and Geriatric Cognitive Disorders, 20, 352-357.
Bonanni, E., Maestri, M., Tognoni, G., Fabbrini, M., Nucciarone, B., Manca, M.L., et al. (2005).
Daytime sleepiness in mild and moderate Alzheimer's disease and its relationship with cognitive
impairment. Journal of Sleep Research, 14, 311-317.
Borroni, B., Brambati, S.M., Agosti, C., Gipponi, S., Bellelli, G., Gasparotti, R., et al. (2007). Evidence
of white matter changes on diffusion tensor imaging in frontotemporal dementia. Archives of
Neurology, 64, 246-251.
Borroni, B., Grassi, M., Costanzi, C., Archetti, S., Caimi, L., & Padovani, A. (2006).  APOE genotype
and cholesterol levels in lewy body dementia and Alzheimer disease: investigating genotype-phenotype
effect on disease risk. The American Journal of Geriatric Psychiatry, 14, 1022-1031.
Bottino, C.M., Carvalho, I.A., Alvarez, A.M., Avila, R., Zukauskas, P.R., Bustamante, S.E., et al.
(2005). Cognitive rehabilitation combined with drug treatment in Alzheimer's disease patients: a pilot
study. Clinical Rehabilitation, 19, 861-869.
150
Bozzali, M., Falini, A., Cercignani, M., Baglio, F., Farina, E., Alberoni, M., et al. (2005). Brain tissue
damage in dementia with Lewy bodies: an in vivo diffusion tensor MRI study. Brain, 128, 1595-1604.
Braak, H., & Braak, E. (1991). Neuropathological stageing of Alzheimer-related changes. Acta
Neuropathologica, 82, 239-259.
Braak, H., Braak, E., Yilmazer, D., De Vos, R.A., Jansen, E.N., & Bohl, J. (1996). Pattern of brain
destruction in Parkinson's and Alzheimer's diseases. Journal of Neural Transmission, 103, 455-490.
Brandt, A., Iwarsson, S., & Stahl, A. (2003). Satisfaction with rollators among community-living users:
a follow-up study. Disability and Rehabilitation, 25, 343-353.
Braver, T.S., & Barchm D,M. (2002). A theory of cognitive control, aging cognition, and
neuromodulation. Neuroscience and Biobehavioral Reviews, 26, 809-817.
Bruce, D.G., Devine, A., & Prince, R.L. (2002). Recreational physical activity levels in healthy older
women: the importance of fear of falling. Journal of the American Geriatrics Society, 50, 84-89.
Brunetti, M., Belardinelli, P., Caulo, M., Del Gratta, C., Della Penna, S., Ferretti, A., et al. (2005).
Human brain activation during passive listening to sounds from different locations: an fMRI and MEG
study. Human Brain Mapping, 26, 251-261.
Buccino, G., Baumgaertner, A., Colle, L., Buechel, C., Rizzolatti, G., & Binkofski, F. (2007). The neural
basis for understanding non-intended actions. Neuroimage, 36 suppl, T119-T127.
Buccino, G., Binkofski, F., Fink, G.R., Fadiga, L., Fogassi, L., Gallese, V., et al. (2001). Action
observation activates premotor and parietal areas in a somatotopic manner: an fMRI study. The
European Journal of Neuroscience, 13, 400-404.
Buccino, G., Vogt, S., Ritzl, A., Fink, G.R., Zilles, K., Freund, H.J., et al. (2004). Neural circuits
underlying imitation learning of hand actions: an event-related fMRI study. Neuron, 42, 323-334.
Buchner, D.M., & Wagner, E.H. (1992). Preventing frail health. Clinics in Geriatric Medicine, 8, 1-17.
Buracchio, T., Arvanitakis, Z., & Gorbien, M. (2005). Dementia with Lewy bodies: current concepts.
Dementia and Geriatric Cognitive Disorders, 20, 306-320. 
Burke, J.R., & Morgenlander, J.C. (1999). Managing common behavioral problems in dementia. How
to improve quality of life for patients and families. Postgraduate Medicine, 106, 131-134, 139-140.
Burns, A., & O'Brien, J. (2006). British Association for Psychopharmacology. Clinical practice with
anti-dementia drugs: a consensus statement from British Association for Psychopharmacology. Journal
of Psychopharmacology, 20, 732-755.
Burton, C.L., Strauss, E., Hultsch, D.F., Moll, A., & Hunter, M.A. (2006). Intraindividual variability as a
marker of neurological dysfunction: a comparison of Alzheimer's disease and Parkinson's disease.
Journal of Clinical and Experimental Neuropsychology, 28, 67-83.
Burton, E.J., McKeith, I.G., Burn, D.J., Firbank, M.J., & O'Brien, J.T. (2006). Progression of white
matter hyperintensities in Alzheimer disease, dementia with lewy bodies, and Parkinson disease
dementia: a comparison with normal aging. The American Journal of Geriatric Psychiatry, 14, 842-
849.
Carmeli, E., Patish, H., & Coleman, R. (2003). The aging hand. The Journals of Gerontolology. Series
A, Biological Sciences and Medical Sciences, 58, 146-152.
Carmeliet, P. (2000). Mechanisms of angiogenesis and arteriogenesis. Nature Medicine 6, 389-395.
Carr, D.B., & Surmeier, D.J. (2007). M1 muscarinic receptor modulation of Kir2 channels enhances
temporal summation of excitatory synaptic potentials in prefrontal cortex pyramidal neurons. Journal of
Neurophysiology, 97, 3432-3438.
Carro, E., Nunez, A., Busiguina, S., & Torres-Aleman, I. (2000). Circulating insulin-like growth factor I
mediates effects of exercise on the brain. The Journal of Neuroscience, 20, 2926-2933.
151
References
Carvalho-Bos, S.S., Riemersma-Van Der Lek, R.F., Waterhouse, J., Reilly, T., & Van Someren, E.J.
(2007). Strong association of the rest-activity rhythm with well-being in demented elderly women. The
American Journal of Geriatric Psychiatry, 15, 92-100.
Castellani, R.J., Smith, M.A., Perry, G., & Friedland, R.P. (2004). Cerebral amyloid angiopathy: major
contributor or decorative response to Alzheimer's disease pathogenesis. Neurobiology of Aging, 25,
599-602.
Çavdar, S., Onat, F., Aker, R., ehirli, U., an, T., & Yananli, (2001). The afferent connections of the
posterior hypothalamic nucleus in the rat using horseradish peroxidase. Journal of Anatomy, 198, 463-
472.
Ceravolo, R., Volterrani, D., Gambaccini, G., Rossi, C., Logi, C., Manca, G., et al. (2003).
Dopaminergic degeneration and perfusional impairment in Lewy body dementia and Alzheimer's
disease. Neurological Sciences, 24, 162-163.
Chamberlain, S.R., & Sahakian, B.J. (2006). The neuropsychology of mood disorders. Current
Psychiatry Reports, 8, 458-463.
Chen, Y., McCarron, R.M., Bembry, J., Ruetzler, C., Azzam, N., Lenz, F.A., et al. (1999). Nitric oxide
modulates endothelin 1-induced Ca2+ mobilization and cytoskeletal F-actin filaments in human
cerebromicrovascular endothelial cells. Journal of Cerebral Blood Flow and Metabolism, 19, 133-138.
Chen, Y.C., Lei, J.L., Chen, Q.S., & Wang, S.L. (1998). Effect of physical training on the age-related
changes of acetylcholinesterase-positive fibers in the hippocampal formation and parietal cortex in the
C57BL/6J mouse. Mechanisms of Ageing and Development, 102, 81-93.
Chen, Z-L., & Strickland, S. (1997). Neuronal death in the hippocampus is promoted by plasmin-
catalyzed degradation of laminin. Cell, 91, 917-925.
Chui, H.C., Victoroff, J.I., Margolin, D., Jagust, W., Shankle, R., & Katzman, R. (1992). Criteria for the
diagnosis of ischemic vascular dementia proposed by the State of California Alzheimer's Disease
Diagnostic and Treatment Centers. Neurology, 42, 473-480.
Churchill, J.D., Galvez, R., Colcombe, S., Swain, R.A., Kramer, A.F., & Greenough, W.T. (2002).
Exercise, experience and the aging brain. Neurobiology of Aging, 23, 941-955.
Cohen, J. (1992a). A power primer. Psychological Bulletin, 112, 155-159.
Cohen, J. (1992b). Statistical power analysis for the behavioral sciences. Hillsdale NJ: Lawrence
Earlbaum Associates.
Colcombe, S.J., Erickson, K.I., Scalf, P.E., Kim, J.S., Prakash, R., McAuley, E., et al. (2006). Aerobic
exercise training increases brain volume in aging humans. The Journals of Gerontology. Series A,
Biological Sciences and Medical Sciences, 61, 1166-1170.
Colcombe, S., & Kramer, A.F. (2003). Fitness effects on the cognitive function of older adults: a meta-
analytic study. Psychological Sciences, 14, 125-130.
Colcombe, S.J., Kramer, A.F., Erickson, K.I., Scalf, P., McAuley, E., Cohen, N.J., et al. (2004).
Cardiovascular fitness, cortical plasticity, and aging. Proceecings of the National Academy of Sciences
of the United States of America, 101, 3316-3321.
Cooke, J.P., & Dzau, V.J. (1997). Nitric oxide synthase: Role in the genesis of vascular disease.
Annual Review of Medicine, 48, 489-509.
Corder, E.H., Saunders, A.M., Strittmatter, W.J., Schmechel, D.E., Gaskell, P.C., Small, G.W., et al.
(1993). Gene dose of apolipoprotein E type-4 allele and the risk of Alzheimer’s disease in late-onset
families. Science, 261, 921-923.
Cotman, C.W., & Berchtold, N.C. (2002). Exercise: a behavioral intervention to enhance brain health
and plasticity. Trends in Neurosciences, 25, 295-301.
152
Cott, C.A., Dawson, P., Sidani, S., & Wells, D. (2002). The Effects of a Walking/Talking  Program on
Communication, Ambulation, and Functional Status in Residents with Alzheimer Disease. Alzheimer
Disease and Associated Disorders, 16, 81-87.
Cotter, D., Mackay, D., Chana, G., Beasley, C., Landau, S., & Everall, I.P. (2002). Reduced neuronal
size and glial cell density in area 9 of the dorsolateral prefrontal cortex in subjects with major
depressive disorder. Cerebral Cortex, 12, 386-394.
Court, J.A., & Perry, E.K. (2003). Neurotransmitter abnormalities in vascular dementia. International
Psychogeriatrics, 15 suppl, 81-87.
Craft, S., Teri, L., Edland, S.D., Kukull, W.A., Schellenberg, G., McCormick, W.C., et al. (1998).
Accelerated decline in apolipoprotein E-epsilon4 homozygotes with Alzheimer's disease. Neurology,
51, 149-153.
Craig, D., Mirakhur, A., Hart, D.J., McIlroy, S.P., & Passmore, A.P. (2005). A cross-sectional study of
neuropsychiatric symptoms in 435 patients with Alzheimer's disease. The American Journal of
Geriatric Psychiatry, 13, 460-468.
Cramer, G.W., Chaponis, R.J., Bauwens, S., & Chamberlain, T. (1999). Evaluation of sleep disorders in
nursing facilities. The Consultant Pharmacist, 14, 545-548, 553-556.
Critchley, H.D., Corfield, D.R., Chandler, M.P., Mathias, C.J., & Dolan, R.J. (2000). Cerebral correlates
of autonomic cardiovascular arousal: a functional neuroimaging investigation in humans. Journal of
Physiology, 523, 259-270.
Cullum, C.M., Saine. K., Chan, L.D., Martin-Cook, K., Gray, K.F., & Weiner, M.F. (2001). Performance-
Based instrument to assess functional capacity in dementia: The Texas Functional Living Scale.
Neuropsychiatry, Neuropsychology, and Behavioral Neurology, 14, 103-108.
Cumming, J.L., Mega, M., Gray, K., Rosenberg-Thompson, S., Carusi, D.A., & Gorngein, J. (1994).
The neuropsychiatric inventory: comprehensive assessment of psychopathology in dementia.
Neurology, 44, 2308-2314.
Cummings, J.L. (1994). Vascular subcortical dementias: clinical aspects. Dementia, 5, 177-180.
Daley, M.L., Pourcyrous, M., Timmons, S.D., & Leffler, C.W. (2004). Assessment of cerebrovascular
autoregulation. Changes of highest modal frequency of cerebrovascular pressure transmission with
cerebral perfusion pressure. Stroke, 35, 1952-1956.
Davis, K.D., Taylor, S.J., Crawley, A.P., Wood, M.L., & Mikulis, D.J. (1997). Functional MRI of pain-
and attention-related activations in the human cingulate cortex. Journal of Neurophysiology, 77, 3370-
3380.
De Carvalho Bastone, A., & Filho, W.J. (2004). Effect of an exercise program on functional
performance of institutionalized elderly. Journal of Rehabilitation Research and Development, 41, 659-
668.
Decety, J., Grèzes, J., Costes, N., Perani, D., Jeannerod, M., Procyk, E., et al. (1997). Brain activity
during observation of actions. Influence of action content and subject's strategy. Brain, 120, 1763-
1777.
Defebvre, L.J., Leduc, V., Duhamel, A., Lecouffe, P., Pasquier, F., Lamy-Lhullier, C., et al. (1999).
Technetium HMPAO SPECT study in dementia with Lewy bodies, Alzheimer's disease and idiopathic
Parkinson's disease. Journal of Nuclear Medicine, 40, 956-962.
De Groot, J.C., De Leeuw, F.E., Oudkerk, M., Van Gijn, J., Hofman, A., & Jolles, J. (2002).
Periventricular cerebral white matter lesions predict rate of cognitive decline. Annals of Neurology, 52,
335-341.
De La Torre, J.C. (2002a). Vascular basis of Alzheimer's Pathogenesis. Annals of the New York
Academy of Sciences, 977, 196-215.
153
References
De La Torre, J.C. (2002b). Alzheimer disease as a vascular disorder: nosological evidence. Stroke, 33,
1152-1162.
De Leeuw, F.E., De Groot, J.C., Oudkerk, M., Kors, J.A., Hofman, A., Van Gijn, J., et al. (2000). Atrial
fibrillation and the risk of cerebral white matter lesions. Neurology, 54, 1795-1801.
Derogatis, L.R. (1979). SCL-90: Administration, scoring and procedure for the revised version of the
SCL-90. Baltimore: The John Hopkins University School of Medicine.
Devins, G.M., Edworthy, S.M., Paul, L.C., Mandin, H., Seland, T.P., Klein, G., et al. (1993). Restless
sleep, illness intrusiveness, and depressive symptoms in three chronic illness conditions: rheumatoid
arthritis, end-stage renal disease, and multiple sclerosis. Journal of Psychosomatic Research, 37, 163-
170.
De Vugt, M.E., Stevens, F., Aalten, P., Lousberg, R., Jaspers, N., & Verhey, F.R. (2005). A
prospective study of the effects of behavioral symptoms on the institutionalization of patients with
dementia. International Psychogeriatrics, 17, 577-589.
DiBrezzo, R., Shadden, B.B., Raybon, B.H., & Powers, M. (2005). Exercise intervention designed to
improve strength and dynamic balance among community-dwelling older adults. Journal of Aging and
Physical Activity, 13, 198-209. 
Dickson, D.W. (2001). Neuropathology of Alzheimer's disease and other dementias. Clinics in Geriatric
Medicine, 17, 209-228.
Diehl-Schmid, J., Grimmer, T., Drzezga, A., Bornschein, S., Riemenschneider, M., Forstl, H., et al.
(2007). Decline of cerebral glucose metabolism in frontotemporal dementia: a longitudinal 18F-FDG-
PET-study. Neurobiology of Aging, 28, 42-50.
Diesfeldt, H.F., & Diesfeldt-Groenendijk, H. (1977). Improving cognitive performance in psychogeriatric
patients: the influence of physical exercise. Age and Ageing, 6, 58-64.
Diggle, P.J., Liang, K-Y., & Zeger, S.L. (1994). Analysis of longitudinal data. Oxford: Clarendon.
Dik, M., Deeg, D.J., Visser, M., & Jonker, C. (2003). Early life physical activity and cognition at old
age. Journal of Clinical and Experimental Neuropsychology, 25, 643-653.
Ding, Y., Li, J., Luan, X., Ding, Y.H., Lai, Q., Rafols, J.A., et al. (2004). Exercise pre-conditioning
reduces brain damage in ischemic rats that may be associated with regional angiogenesis and cellular
overexpression of neurotrophin. Neuroscience, 124, 583-591.
Ding, Y.H., Li, J., Yao, W.X., Rafols, J.A., Clark, J.C., & Ding, Y. (2006). Exercise preconditioning
upregulates cerebral integrins and enhances cerebrovascular integrity in ischemic rats. Acta
Neuropathologica, 112, 74-84.
DiPietro, L. (2001). Physical activity in aging: changes in patterns and their relationship to health and
function. The Journals of Gerontology. Series A, Biological Sciences and Medical Sciences, 56, 13-22.
Dixon, R.A., Garrett, D.D., Lentz, T.L., MacDonald, S.W., Strauss, E., & Hultsch D.F. (2007).
Neurocognitive markers of cognitive impairment: exploring the roles of speed and inconsistency.
Neuropsychology, 21, 381-399.
Döbrössy, M.D., & Dunnett, S.B. (2001). The influence of environment and experience on neural
grafts. Nature Reviews Neuroscience, 2, 871-879.
Donaldson, C., Tarrier, N., & Burns, A. (1998). Determinants of carer stress in Alzheimer's disease.
International Journal of Geriatric Psychiatry, 13, 248-256.
Doraiswamy, P.M., Krishnan, K.R., Anand, R., Sohn, H., Danyluk, J., Hartman, R.D., et al. (2002).
Long-term effects of rivastigmine in moderately severe Alzheimer's disease: does early initiation of
therapy offer sustained benefits? Progress in Neuropsychopharmacology and Biological Psychiatry, 26,
705-712.
154
Du, A.T., Jahng, G.H., Hayasaka, S., Kramer, J.H., Rosen, H.J., Gorno-Tempini, M.L., et al. (2006).
Hypoperfusion in frontotemporal dementia and Alzheimer disease by arterial spin labeling MRI.
Neurology, 67, 1215-1220.
Dubelaar, E.J, Verwer, R.W., Hofman, M.A., Van Heerikhuize, J.J., Ravid, R., & Swaab, D.F. (2004).
ApoE epsilon4 genotype is accompanied by lower metabolic activity in nucleus basalis of Meynert
neurons in Alzheimer patients and controls as indicated by the size of the Golgi apparatus. Journal of
Neuropathology and Experimental Neurology, 63, 159-169.
Dufouil, C., Clayton, D., Brayne, C., Chi, L.Y., Dening, T.R., Paykel, E.S., et al. (2000). Population
norms for the MMSE in the very old: estimates based on longitudinal data. Mini-Mental State
Examination. Neurology, 55, 1609-1613.
Duijvestijn, T., & Werring, T. (2005). Spelenderwijs in beweging: actief aan tafel. Sint Maarten:
Stichting Meer Bewegen Voor Ouderen.
Edwards, N.I., & Jones, D.A. (1998). Ownership and use of assistive devices amongst older people in
the community. Age and Ageing, 27, 463-468.
Eggermont, L.H., Van Heuvelen, M.J., Van Keeken, B.L., Hollander, A.P., & Scherder, E.J.  (2006).
Walking with a rollator and the level of physical intensity in adults 75 years of age or older. Archives of
Physical Medicine and Rehabilitation, 87, 733-736.
Eggermont, L., Swaab, D., Luiten, P., & Scherder, E. (2006). Exercise, cognition and Alzheimer's
disease: more is not necessarily better. Neuroscience and Biobehavioral Reviews, 30, 562-575.
Eldridge, C.F., Bunge, M.B., & Bunge, R.P. (1989). Differentiation of axon-related Schwann cells in
vitro: II. Control of myelin formation by basal lamina. The Journal of Neuroscience, 9, 625-638.
Elwood, R.W. (1991). The Wechsler Memory Scale-Revised: psychometric characteristics and clinical
application. Neuropsychology Review, 2, 179-201.
Endres, M., Gertz, K., Lindauer, U., Katchanov, J., Schultze, J., Schröck, H., et al. (2003).
Mechanisms of stroke protection by physical activity. Annals of Neurology, 54, 582-590.
Engelborghs, S., Dermaut, B., Goeman, J., Saerens, J., Marien, P., Pickut, B.A., et al. (2003).
Prospective Belgian study of neurodegenerative and vascular dementia: APOE genotype effects.
Journal of Neurology, Neurosurgery, and Psychiatry, 74, 1148-1151.
Engelborghs, S., Maertens, K., Marien, P., Vloeberghs, E., Somers, N., Nagels, G., et al. (2006).
Behavioural and neuropsychological correlates of frontal lobe features in dementia. Psychological
Medicine, 36, 1173-1182.
Etnier, J.L., Caselli, R.J., Reiman, E.M., Alexander, G.E., Sibley, B.A., Tessier, D., et al. (2007).
Cognitive performance in older women relative to ApoE-epsilon4 genotype and aerobic fitness.
Medicine and Science in Sports and Exercise, 39, 199-207.
Etnier, J.L., Nowell, P.M., Landers, D.M., & Sibley, B.A. (2006). A meta-regression to examine the
relationship between aerobic fitness and cognitive performance. Brain Research Reviews, 52, 119-
130.
Everly, M.J., Heaton, P.C., & Cluxton, R.J. Jr. (2004). Beta-blocker underuse in secondary prevention
of myocardial infarction. The Annals of Pharmacotherapy, 38, 286-293.
Evers, A., van Vliet-Mulder, J.C., & Groot, C.J. (2000). Documentation of tests and test research in
The Netherlands. [In Dutch: Documentatie van tests en testresearch in Nederland]. Assen: Van Gorcum
& Comp. B.V.
Fabre, S.F., Forsell, C., Viitanen, M., Sjögren, M., Wallin, A., Blennow, K., et al. (2001). Clinic-based
cases with frontotemporal dementia show increased cerebrospinal fluid tau and high apolipoprotein E
epsilon4 frequency, but no tau gene mutations. Experimental Neurology, 168, 413-418.
Fan, J., McCandliss, B.D., Sommer, T., Raz, A., & Posner, M.I. (2002). Testing the efficiency and
independence of attentional networks. Journal of Cognitive Neuroscience, 14, 340-347.
155
References
Farina, E., Fioravanti, R., Chiavari, L., Imbornone, E., Alberoni, M., Pomati, S., et al. (2002).
Comparing two programs of cognitive training in Alzheimer's disease: a pilot study. Acta Neurologica
Scandinavica, 105, 365-371.
Farkas, E., & Luiten, P.G. (2001). Cerebral microvascular pathology in aging and Alzheimer's disease.
Progress in Neurobiology, 64, 575-611.
Farlow, M.R., Lahiri, D.K., Poirier, J., Davignon, J., Schneider, L., & Hui, S.L. (1998). Treatment
outcome of tacrine therapy depends on apolipoprotein genotype and gender of the subjects with
Alzheimer's disease. Neurology, 50, 669-677.
Farlow, M., Lane, R., Kudaravalli, S., & He, Y. (2004) Differential qualitative responses to rivastigmine
in APOE epsilon 4 carriers and noncarriers. Pharmacogenomics Journal, 4, 332-335.
Farrer, L.A., Cupples, L.A., Haines, J.L., Hyman, B., Kukull, W.A., Mayeux, R., et al. (1997). Effects of
age, sex, and ethnicity on the association between apolipoprotein E genotype and Alzheimer disease. A
meta-analysis. APOE and Alzheimer Disease Meta Analysis Consortium. The Journal of the American
Medical Association, 278, 1349-56.
Fedele, E., & Raiteri, M. (1999). In vivo studies of the cerebral glutamate receptor/NO/cGMP pathway.
Progress in Neurobiology, 58, 89-120.
Fernández-Vizarra, P., Fernández, A.P., Castro-Blanco, S., Encinas, J.M., Serrano, J., Bentura, M.L., et
al. (2004). Expression of nitric oxide system in clinically evaluated cases of Alzheimer's disease.
Neurobiology of Disease, 15, 287-305.
Feskens, E.J., Havekes, L.M., Kalmijn, S., De Knijff, P., Launer. L.J., & Kromhout, D. (1994).
Apolipoprotein e4 allele and cognitive decline in elderly men. British Medical Journal, 309, 1202-1206.
Finch, C.E. (2005). Developmental origins of aging in brain and blood vessels: an overview.
Neurobiology of Aging, 26, 281-291.
Firbank, M.J., Burn, D.J., McKeith, I.G., & O'Brien, J.T. (2005). Longitudinal study of cerebral blood
flow SPECT in Parkinson's disease with dementia, and dementia with Lewy bodies. International
Journal of Geriatric Psychiatry, 20, 776-782.
Fitzmaurice, G.M., Laird, N.M., & Ware, J.H. (2004). Applied Longitudinal Analysis. Hoboken, N.J.:
Wiley-Interscience.
Florian, G., Stancák, A., & Pfurtscheller, G. (1998). Cardiac response induced by voluntary self-paced
finger movement. International Journal of Psychophysiology, 28, 273-283.
Foley, M.P., Prax, B., Crowell, R., & Boone, T. (1996). Effects of assistive devices on cardiorespiratory
demands in older adults. Physical Therapy, 76, 1313-1319.
Foley, S.M. (2005). Update on risk factors for atherosclerosis: the role of inflammation and
apolipoprotein E. Medsurg Nursing, 14, 43-50.
Folstein, M.F., Folstein, S.E., & McHugh, P.R. (1975). “Mini-mental state”. A practical method for
grading cognitive state of patients for clinician. Journal of Psychiatric Research, 12, 189-198.
Fonarow, G.C. (2006). How well are chronic heart failure patients being managed? Reviews in
Cardiovascular Medicine, 7 suppl, S3-11.
Forbes, D., Morgan, D.G., Bangma, J., Peacock, S., Pelletier, N., & Adamson, J. (2004). Light therapy
for managing sleep, behaviour, and mood disturbances in dementia. Cochrane Database Systematic
Reviews, 2, CD003946.
Forsell, Y., Corder, E.H., Basun, H., Lannfelt, L., Viitanen, M., & Winblad, B. (1997). Depression and
dementia in relation to apolipoprotein E polymorphism in a population sample age 75+. Biological
Psychiatry, 42, 898-903.
Forstl, H., & Kurz, A. (1999). Clinical features of Alzheimer's disease. European Archives of Psychiatry
and Clinical Neuroscience, 1999, 249, 288-290.
156
Fox, N.C., Warrington, E.K., Freeborough, P.A., Hartikainen, P., Kennedy, A.M., Stevens, J.M., et al.
(1996). Presymptomatic hippocampal atrophy in Alzheimer's disease. A longitudinal MRI study. Brain,
119, 2001-2007.
Francese, T., Sorrell, J., & Butler, F.R. (1997). The effects of regular exercise on muscle strength and
functional abilities of late stage Alzheimer's residents. American Journal of Alzheimer's Disease, 12,
122-127.
Franssen, E.H., Souren, L.E., Torossian, C.L., & Reisberg, B. (1999). Equilibrium and limb coordination
in mild cognitive impairment and mild Alzheimer’s disease. Journal of the American Geriatrics Society,
47, 463-469.
Fratiglioni, L., Launer, L.J., Andersen, K., Breteler, M.M., Copeland, J.R., Dartigues, J.F., et al. (2000).
Incidence of dementia and major subtypes in Europe: A collaborative study of population-based
cohorts. Neurologic Diseases in the Elderly Research Group. Neurology, 54, 5 suppl, S10-S5.
Fratiglioni, L., Paillard-Borg, S., & Winblad, B. (2004). An active and socially integrated lifestyle in late
life might protect against dementia. Lancet Neurology, 3, 343-353.
Friedman, R., & Tappen, R.M. (1991). The effect of planned walking on communication in  Alzheimer’s
disease. Journal of the American Geriatrics Society, 39, 650-654.
Gallese, V., Fadiga, L., Fogassi, L., & Rizzolatti, G. (1996). Action recognition in the premotor cortex.
Brain, 119, 593-609.
Gangitano, M., Mottaghy, F.M., & Pascual-Leone, A. (2001). Phase-specific modulation of cortical
motor output during movement observation. Neuroreport, 12, 1489-1492.
Garavan, H., Morgan, R.E., Mactutus, C.F., Levitsky, D.A., Booze, R.M., & Strupp, B.J. (2000).
Prenatal cocaine exposure impairs selective attention: evidence from serial reversal and
extradimensional shift tasks. Behavioral Neuroscience, 114, 725-738.
Garby, L., & Astrup, A. (1987). The relationship between the respiratory quotient and the energy
equivalent of oxygen during simultaneous glucose and lipid oxidation and lipogenesis. Acta
Physiologica Scandinavica, 129, 443-444.
Geddes, J.W., & Cotman, C.W. (1991). Plasticity in Alzheimer's disease: too much or not enough?
Neurobiology of Aging, 12, 330-333; discussion 352-355.
Gehrman, P.R., Martin, J.L., Shochat, T., Nolan, S., Corey-Bloom, J., & Ancoli-Israel, S. (2003). Sleep-
disordered breathing and agitation in institutionalized adults with Alzheimer disease. The American
Journal of Geriatric Psychiatry, 11, 426-433.
Geldmacher, D.S., & Whitehouse, P.J. (1996). Evaluation of dementia. The New England Journal of
Medicine, 335, 330-336. 
Geroldi, C., Pihlajamaki, M., Laakso, M.P., DeCarli, C., Beltramello, A., Bianchetti, A., et al. (1999).
APOE-epsilon4 is associated with less frontal and more medial temporal lobe atrophy in AD. Neurology,
53, 1825-1832.
Geschwind, D., Karrim, J., Nelson, S.F., & Miller, B. (1998). The apolipoprotein E epsilon4 allele is not
a significant risk factor for frontotemporal dementia. Annals of Neurology, 44, 134-138.
Gill, T.M., DiPietro, L., & Krumholz, H.M. (2000). Role of exercise stress testing and safety monitoring
for older persons starting an exercise program. Journal of the American Medical Association, 284,
342-349.
Gioia, L., Vogt, L.J., Freeman, W.M., Flood, A., Vogt, B.A., & Vrana, K.E. (1998). PCR-based
apolipoprotein E genotype analysis from archival fixed brain. Journal of Neuroscience Methods, 80,
209-214.
Goate, A., Chartier-Harlin, M.C., Mullan, M., Brown, J., Crawford, F., Fidani, L., et al. (1991).
Segregation of a missense mutation in the amyloid precursor protein gene with familial Alzheimer's
disease. Nature, 349, 704-706.
157
References
Gobbini, M.I., & Haxby, J.V. (2007). Neural systems for recognition of familiar faces.
Neuropsychologia, 45, 32-41.
Goethals, I., Audenaert, K., Van De Wiele, C., & Dierckx, R. (2004). The prefrontal cortex: insights
from functional neuroimaging using cognitive activation tasks. European Journal of Nuclear Medicine
and Molecular Imaging, 31, 408-416.
Goldman, W.P., Baty, J.D., Buckles, V.D., Sahrmann, S., & Morris, J.C. (1999). Motor dysfunction in
mildly demented AD individuals without extrapyramidal signs. Neurology, 53, 956-962.
Gómez-Pinilla, F., Dao, L., & So, V. (1997). Physical exercise induces FGF-2 and its mRNA in the
hippocampus. Brain Research, 764, 1-8.
Grafton, S.T., Arbib, M.A., Fadiga, L., & Rizzolatti, G. (1996). Localization of grasp representations in
humans by positron emission tomography. 2. Observation compared with imagination. Experimental
Brain Research, 112, 103-111.
Graham, F.K., & Kendall, B.S. (1960). Memory-for-Designs Test: Revised general manual. Perceptual
and Motor Skills, 11, 147-188.
Grèzes, J., & Decety, J. (2001). Functional anatomy of execution, mental simulation, observation, and
verb generation of actions: a meta-analysis. Human Brain Mapping, 12, 1-19.
Grossman, H., Bergmann, C., & Parker, S. (2006). Dementia: a brief review. The Mount Sinai Journal
of Medicine, New York, 73, 985-992.
Grut, M., Fratiglioni, L., & Winblad, B. (1993). Accuracy of the Mini-Mental Status Examination as a
screening test for dementia in a Swedish elderly population. Acta Neurologica Scandinavica, 87, 312-
317.
Guigoz, Y., Vellas, B., & Garry, P.J. (1994). Mini Nutritional Assessment: a practical assessment tool
for grading the nutritional state of elderly patients. Facts, Research, and Intervention in Geriatrics, 4,
113-143.
Guo, Y., Shi, X., Uchiyama, H., Hasegawa, A., Nakagawa, Y., Tanaka, M., et al. (2002). A study on
the rehabilitation of cognitive function and short-term memory in patients with Alzheimer's disease
using transcutaneous electrical nerve stimulation. Frontiers of Medical and Biological Engineering, 11,
237-247.
Gustafson, L., Abrahamson, M., Grubb, A., Nilsson, K., & Fex, G. (1997). Apolipoprotein-E genotyping
in Alzheimer's disease and frontotemporal dementia. Dementia and Geriatric Cognitive Disorders, 8,
240-243.
Hagberg, J.M., Ferrell, R.E., Dengel, D.R., & Wilund, K.R. (1999). Exercise training-induced blood
pressure and plasma lipid improvements in hypertensives may be genotype dependent. Hypertension,
34, 18-23.
Haley, W.E. (1997). The family caregiver's role in Alzheimer's disease. Neurology, 48 suppl, S25-S29.
Hamel, E. (2004). Cholinergic modulation of the cortical microvascular bed. Progress in Brain Research,
145, 171-178.
Hanyu, H., Shimizu, S., Hirao, K., Kanetaka, H., Sakurai, H., Iwamoto, T., et al. (2006). Differentiation
of dementia with Lewy bodies from Alzheimer's disease using Mini-Mental State Examination and brain
perfusion SPECT. Journal of the Neurological Sciences, 250, 97-102.
Hari, R., Levanen, S., & Raij, T. (2000). Timing of human cortical functions during cognition: role of
MEG. Trends in Cognitive Sciences, 4, 455-462.
Harkany, T., Penke, B., & Luiten, P.G. (2000). Beta-amyloid excitotoxicity in rat magnocellular nucleus
basalis - Effect of cortical deafferentation on cerebral blood flow regulation and implications for
Alzheimer's disease. Annals of the New York Academy of Sciences, 903, 374-386.
158
Haxby, J.V., Hoffman, E.A., & Gobbini, M.I. (2000). The distributed human neural system for face
perception. Trends in Cognitive Sciences, 4, 223-233.
Hayward, R., Ruangthai, R., Karnilaw, P., Chicco, A., Strange, R., McCarty, H., et al. (2003).
Attenuation of homocysteine-induced endothelial dysfunction by exercise training. Pathophysiology, 9,
207-214.
Hellström, G., Fischer-Colbrie, W., Wahlgren, N.G., & Jogestrand, T. (1996). Carotid artery blood flow
and middle cerebral artery blood flow velocity during physical exercise. Journal of Applied Physiology,
81, 413-418.
Herholz, K. (2003). PET studies in dementia. Annals of Nuclear Medicine, 17, 79-89.
Herrmann, M., 2001. The importance of hyperhomocysteinemia as a risk factor for diseases: an
overview. Clinical Chemistry and Laboratory Medicine, 8, 666-674.
Herrmann, M., Schorr, H., Obeid, R., Scharhag, J., Urhausen, A., Kindermann, W., et al. (2003).
Homocysteine increases during endurance exercise. Clinical Chemistry and Laboratory Medicine, 41,
1518-1524.
Hermans, D.G., Htay, U.H., & McShane, R. (2007). Non-pharmacological interventions for wandering
of people with dementia in the domestic setting. Cochrane Database of Systematic Reviews, 1,
CD005994.
Heyn, P. (2003). The effect of a multisensory exercise program on engagement, behavior, and selected
physiological indexes in persons with dementia. American Journal of Alzheimer’s Disease and Other
Dementias, 18, 247-251.
Heyn, P., Abreu, B.C., Ottenbacher, K.J. (2004). The effects of exercise training on elderly persons
with cognitive impairment and dementia: a meta-analysis. Archives Physical Medicine and
Rehabilitation, 85, 1694-1704.
Hillman, C.H., Motl, R.W., Pontifex, M.B., Posthuma, D., Stubbe, J.H., Boomsma, D.I., et al. (2006).
Physical activity and cognitive function in a cross-section of younger and older community-dwelling
individuals. Health Psychology, 25, 678-687.
Hodges, J.R. (2001). Frontotemporal dementia (Pick's disease): clinical features and assessment.
Neurology, 56 suppl, S6-S10.
Hoffman, S.B., Platt, C.A., & Barry, K.E. (1985). Senile Dementia of the Alzheimer's Type. New York:
Alan Liss.
Hofman, M.A., & Swaab, D.F. (2006). Living by the clock: the circadian pacemaker in older people.
Ageing Research Reviews, 5, 33-51.
Holder, C.G., Haskvitz, E.M., & Weltman, A. (1993). The effects of assistive devices on the oxygen
cost, cardiovascular stress, and perception of nonweight-bearing ambulation. The Journal of
Orthopaedic and Sports Physical Therapy, 18, 537-542.
Hollis, S., & Campbell, F. (1999). What is meant by intention to treat analysis? Survey of published
randomised controlled trials. British Medical Journal, 319, 670-674.
Holmberg, S.K. (1997). Evaluation of a clinical intervention for wanderers on a geriatric nursing unit.
Archives of Psychiatric Nursing, 11, 21-28.
Holmes, C., Cairns, N., Lantos, P., & Mann, A. (1999). Validity of current clinical criteria for
Alzheimer's disease, vascular dementia and dementia with Lewy bodies. British Journal of Psychiatry,
174, 45-50.
Holtzer, R., Tang, M.X., Devanand, D.P., Albert, S.M., Wegesin, D.J., Marder, K., et al. (2003).
Psychopathological features in Alzheimer's disease: course and relationship with cognitive status.
Journal of the American Geriatrics Society, 51, 953-960.
159
References
Hönigfeld, G. Gillis, R.D., & Klett, C.J. (1966). NOSIE-30: a treatment-sensitive ward behaviour scale.
Psychological Reports, 19, 180-182.
Hoogendijk, W.J. (1998). Brain changes in depression. A combined clinical and post-mortem study in
depressed patients with or without Alzheimer’s or Parkinson’s disease. Amsterdam: VU University
Press.  
Hope, T., Keene, J., McShane, R.H., Fairburn, C.G., Gedling, K., & Jacoby, R. (2001). Wandering in
dementia: a longitudinal study. International Psychogeriatrics, 13, 137-147.
Hopman-Rock, M., Staats, P.G.M., Tak, E.C., & Dröes, R.M. (1999). The effects of a Psychomotor
Activation Programme for use in groups of cognitively impaired people in homes for the elderly.
International Journal of Geriatric Psychiatry, 14, 633-642.
Hsiung, G.Y., Sadovnick, A.D., & Feldman, H. (2004). Apolipoprotein E epsilon4 genotype as a risk
factor for cognitive decline and dementia: data from the Canadian Study of Health and Aging. Canadian
Medical Association Journal, 171, 863-867.
Huang, P.L., Huang, Z.H., Mashimo, H., Bloch, K.D., Moskowitz, M.A., Bevan, J.A., et al. (1995).
Hypertension in Mice Lacking the Gene for Endothelial Nitric-Oxide Synthase. Nature, 377, 239-242.
Huang, Y.L., Liu, R.Y., Wang, Q.S., Van Someren, E.J., Xu, H., & Zhou, J.N. (2002). Age-associated
difference in circadian sleep-wake and rest-activity rhythms. Physiology & Behavior, 76, 597-603.
Huber, W., Poeck, K., & Willmes, K. (1984). The Aachen Aphasia Test. Advances in Neurology, 42,
291-303.
Iacoboni, M. (2005). Neural mechanisms of imitation. Current Opinion in Neurobiology, 15, 632-637.
Iacoboni, M., Koski, L.M., Brass, M., Bekkering, H., Woods, R.P., Dubeau, M.C., et al. (2001).
Reafferent copies of imitated actions in the right superior temporal cortex. Proceedings of the National
Academy of Sciences of the Unites States of America, 98, 13995-13999.
Iacoboni, M., Woods, R.P., Brass, M., Bekkering, H., Mazziotta, J.C., & Rizzolatti, G. (1999). Cortical
mechanisms of human imitation. Science, 286, 2526-2528.
Iadecola, C. (2004). Neurovascular regulation in the normal brain and in Alzheimer's disease.  Nature
Reviews. Neuroscience, 5, 347-360.
Ide, K., Horn, A., & Secher, N.H. (1999). Cerebral metabolic response to submaximal exercise. Journal
of Applied Physiology, 87, 1604-1608.
Ide, K., Pott, F., Van Lieshout, J.J., & Secher, N.H. (1998). Middle cerebral artery blood velocity
depends on cardiac output during exercise with a large muscle mass. Acta Physiologica Scandinavica,
162, 13-20.
Ide, K., & Secher, N.H. (2000). Cerebral blood flow and metabolism during exercise. Progress in
Neurobiology, 61, 397-414.
Ilveskoski, E., Lehtimaki, T., Erkinjuntti, T., Koivula, T., & Karhunen, P.J. (1998). Rapid apolipoprotein
E genotyping from mailed buccal swabs. Journal of Neuroscience Methods, 79, 5-8.
Ingelson, M., Fabre, S.F., Lilius, L., Andersen, C., Viitanen, M., Almkvist, O., et al. (2001). Increased
risk for frontotemporal dementia through interaction between tau polymorphisms and apolipoprotein E
epsilon4. Neuroreport, 12, 905-909.
Iriarte, M.M., Perez Olea, J., Sagastagoitia, D., Molinero, E., & Murga, N. (1995). Congestive heart
failure due to hypertensive ventricular diastolic dysfunction. American Journal of Cardiology, 76, 43D-
47D.
Isojima, D., Togo, T., Kosaka, K., Fujishiro, H., Akatsu, H., Katsuse, O., et al. (2006). Vascular
complications in dementia with Lewy bodies: a postmortem study. Neuropathology, 26, 293-297.
160
Jagust, W.J., Eberling, J.L., Reed, B.R., Mathis, C.A., & Budinger, T.F. (1997). Clinical studies of
cerebral blood flow in Alzheimer's disease. Annals of the New York Academy of Sciences, 826, 254-
262.
Järveläinen, J., Schürmann, M., Avikainen, S., & Hari, R. (2001). Stronger reactivity of the human
primary motor cortex during observation of live rather than video motor acts. Neuroreport, 12, 3493-
3495.
Jellinger, K.A. (2003). Prevalence of vascular lesions in dementia with Lewy bodies. A postmortem
study. Journal of Neural Transmission, 110, 771-778.
Johnson, K.A., Jones, K., Holman, B.L., Becker, J.A., Spiers, P.A., Satlin, A., et al. (1998). Preclinical
prediction of Alzheimer’s disease using SPECT. Neurology, 50, 1563-1571.
Jørgensen, L.G., Perko, G., & Secher, N.H. (1992). Regional cerebral-artery mean flow velocity and
blood-flow during dynamic exercise in humans. Journal of Applied Physiology, 73, 1825-1830.
Juva, K., Verkkoniemi, A., Viramo, P., Polvikoski, T., Kainulainen, K., Kontula, K., et al. (2000). APOE
epsilon4 does not predict mortality, cognitive decline, or dementia in the oldest old. Neurology, 54,
412-415.
Kalaria, R.N. (2000). The role of cerebral ischemia in Alzheimer's disease. Neurobiology of Aging, 21,
321-330.
Kannus, P., & Parkkari, J. (2006). Prevention of hip fracture with hip protectors. Age and Ageing, 35,
ii51-54.
Kasama, S., Tachibana, H., Kawabata, K., & Yoshikawa, H. (2005). Cerebral blood flow in Parkinson's
disease, dementia with Lewy bodies, and Alzheimer's disease according to three-dimensional
stereotactic surface projection imaging. Dementia and Geriatric Cognitive Disorders, 19, 266-275.
Katz, S. (1983). Assessing self maintenance: activities of daily living, mortality and instrumental
activities of daily living. Journal of the American Geriatrics Society, 31, 721-727.
Kavanagh, T. (2001). Exercise in the primary prevention of coronary artery disease. The Canadian
Journal of Cardiology, 17, 155-161.
Kawashima, R., Okita, K., Yamazaki, R., Tajima, N., Yoshida, H., Taira, M., et al. (2005). Reading
aloud and arithmetic calculation improve frontal function of people with dementia. The Journals of
Gerontology. Series A, Biological Sciences and Medical Sciences, 60, 380-384.
Keller, J.N. (2006). Age-related neuropathology, cognitive decline, and Alzheimer's disease. Ageing
Research Reviews, 5, 1-13. 
Keller, K., & Lemberg, L. (2002). Retirement is no excuse for physical inactivity or isolation.  American
Journal of Critical Care, 11, 270-272.
Kenny, R.A., Kalaria, R., & Ballard, C. (2002). Neurocardiovascular instability in cognitive impairment
and dementia. Annals of the New York Academy of Sciences, 977, 183-195.
King, A.C., Baumann, K., O'Sullivan, P., Wilcox, S., & Castro, C. (2002). Effects of moderate-intensity
exercise on physiological, behavioral, and emotional responses to family caregiving: A randomized
controlled trial. Journals of Gerontology Series A-Biological Sciences and Medical Sciences, 57, M26-
M36.
King, A.C., Taylor, C.B., & Haskell, W.L. (1993). Effects of differing intensities and formats of 12
months of exercise training on psychological outcomes in older adults. Health Psychology, 12, 292-
300. 
Kivipelto, M., Laakso, M.P., Tuomilehto, J., Nissinen, A., & Soininen, H. (2002). Hypertension and
hypercholesterolaemia as risk factors for Alzheimer's disease - Potential for pharmacological
intervention. CNS Drugs, 16, 435-444.
161
References
Kleiman, T., Zdanys, K., Black, B., Rightmer, T., Grey, M., Garman, K., et al. (2006). Apolipoprotein E
epsilon4 allele is unrelated to cognitive or functional decline in Alzheimer's disease: retrospective and
prospective analysis. Dementia and Geriatric Cognitive Disorders, 22, 73-82.
Kluger, A., Gianutsos, J.G., Golomb, J., Ferris, S.H., George, A.E., Franssen, E., et al. (1997). Patterns
of motor impairement in normal aging, mild cognitive decline, and early Alzheimer's disease. The
Journals of Gerontology. Series B, Psychological Sciences and Social Sciences, 52, P28-P39.
Knibb, J.A., Kipps, C.M., & Hodges, J.R. (2006). Frontotemporal dementia. Current Opinion in
Neurology, 19, 565-571.
Knopman, D.S., Parisi, J.E., Boeve, B.F., Cha, R.H., Apaydin, H., Salviati, A., et al. (2003). Vascular
dementia in a population-based autopsy study. Archives of Neurology, 60, 569-575.
Koch, S., Haesler, E., Tiziani, A., & Wilson, J. (2006). Effectiveness of sleep management strategies
for residents of aged care facilities: findings of a systematic review. Journal of Clinical Nursing, 15,
1267-1275.
Kochersberger, G., McConnell, E., Kuchibhatla, M.N., & Pieper, C. (1996). The reliability, validity, and
stability of a measure of physical activity in the elderly. Archives of Physical Medicine and
Rehabilitation, 77, 793-795.
Kohler, C.G., Anselmo-Gallagher, G., Bilker, W., Karlawish, J., Gur, R.E., & Clark, C.M. (2005).
Emotion-discrimination deficits in mild Alzheimer disease. The American Journal of Geriatric Psychiatry,
13, 926-933.
Koike, A., Itoh, H., Oohara, R., Hoshimoto, M., Tajima, A., Aizawa, T., et al. (2004). Cerebral
oxygenation during exercise in cardiac patients. Chest, 125, 182-190.
Koistinaho, M., & Koistinaho, J. (2005). Interactions between Alzheimer’s disease and cerebral
ischemia – focus on inflammation. Brain Research. Brain Research Reviews, 48, 240-250.
Kok, R.M., Heeren, Th.J., & Van Hemert, A.M. (1993). De Geriatric Depression Scale. Tijdschrift voor
Psychiatrie, 35, 416-421.
Kondo, H., Saleem, K.S., & Price, J.L. (2005). Differential connections of the perirhinal and
parahippocampal cortex with the orbital and medial prefrontal networks in macaque monkeys. The
Journal of Comparative Neurology, 493, 479-509.
Kørner, A., Lauritzen, L., Abelskov, K., Gulmann, N., Marie Brodersen, A., Wedervang-Jensen, T., et
al. (2006). The Geriatric Depression Scale and the Cornell Scale for Depression in Dementia. A validity
study. Nordic Journal of Psychiatry, 60, 360-364.
Kowalska, A., Asada, T., Arima, K., Kumakiri, C., Kozubski, W., Takahashi, K., et al. (2001). Genetic
analysis in patients with familial and sporadic frontotemporal dementia: two tau mutations in only
familial cases and no association with apolipoprotein epsilon4. Dementia and Geriatric Cognitive
Disorders, 12, 387-392.
Kramer, A.F., Hahn, S., Cohen, N.J., Banich, M.T., McAuley, E., Harrison, C.R., et al. (1999). Ageing,
fitness and neurocognitive function. Nature, 400, 418-419. 
Krombholz, H. (2006). Physical performance in relation to age, sex, birth order, social class, and sports
activities of preschool children. Perceptual and Motor Skills, 102, 477-484.
Kubes, P., & Granger, D.N. (1992). Nitric oxide modulates microvascular permeability. American
Journal of Physiology, 262, H611-H615.
Kurosawa, M., Okada, K., Sato, A., & Uchida, S. (1993). Extracellular release of acetylcholine,
noradrenaline and serotonin increases in the cerebral-cortex during walking in conscious rats.
Neuroscience Letters, 161, 73-76.
Kwan, M., Woo, J., & Kwok, T. (2004). The standard oxygen consumption value equivalent to one
metabolic equivalent (3.5 ml/min/kg) is not appropriate for elderly people. International Journal of Food
Sciences and Nutrition, 55, 179-182.
162
Lam, L.C., Tang, N.L., Ma, S.L., Lui, V.W., Chan, A.S., Leung, P.Y. et al. (2006). Apolipoprotein
epsilon-4 allele and the two-year progression of cognitive function in Chinese subjects with late-onset
Alzheimer's disease. American Journal of Alzheimer's Disease and Other Dementias, 21, 92-99.
Lampinen, P., Heikkinen, R.L., Kauppinen, M., & Heikkinen, E. (2006). Activity as a predictor of mental
well-being among older adults. Aging & Mental Health, 10, 454-466.
Landi, F., Russo, A., & Bernabei, R. (2004). Physical activity and behavior in the elderly: A pilot study.
Archives of Gerontology and Geriatrics, 38 suppl, 235-241.
Lange, J., & Lappe, M. (2006). A model of biological motion perception from configural form cues. The
Journal of Neuroscience, 26, 2894-2906.
Larson, E.B., Wang, L., Bowen, J.D., McCormick, W.C., Teri, L., Crane, P., et al. (2006). Exercise is
associated with reduced risk for incident dementia among persons 65 years of age and older. Annals of
Internal Medicine, 144, 73-81.
Launer, L.J., Ross, G.W., Petrovitch, H., Masaki, K., Foley, D., White, L.R., et al. (2000). Midlife blood
pressure and dementia: the Honolulu-Asia aging study. Neurobiology of Aging, 21, 49-55.
Laurin, D., Verreault, R., Lindsay, J., MacPherson, K., & Rockwood, K. (2001). Physical activity and
risk of cognitive impairment and dementia in elderly persons. Archives of Neurology, 58, 498-504.
Lautenschlager, N.T., Almeida, O.P., Flicker, L., & Janca, A. (2004). Can physical activity improve the
mental health of older adults? Annals of General Hospital Psychiatry, 3, 12.
Lawton, M.P., & Brody, E.M. (1969). Assessment of older people: self-maintaining and instrumental
activities of daily living. The Gerontologist, 9, 179-186.
Lazarov, O., Robinson, J., Tang, Y.P., Hairston, I.S., Korade-Mirnics, Z., Lee, V.M., et al. (2005).
Environmental enrichment reduces Abeta levels and amyloid deposition in transgenic mice. Cell, 120,
701-713.
Lazowski, D.A., Ecclestonem N.A., Myers, A.M., Paterson, D.H., Tudor-Locke, C., Fitzgerald, C., et al.
(1999). A randomized outcome evaluation of group exercise programs in long-term care institutions.
The Journals of Gerontology. Series A, Biological Sciences and Medical Sciences, 54, M621-M618.
Le Ber, I., Guedj, E., Gabelle, A., Verpillat, P., Volteau, M., Thomas-Anterion, C., et al. (2006). French
research network on FTD/FTD-MND; Brice A, Habert MO, Dubois B. Demographic, neurological and
behavioural characteristics and brain perfusion SPECT in frontal variant of frontotemporal dementia.
Brain, 129, 3051-3065.
Lehtovirta, M., Kuikka, J., Helisalmi, S., Hartikainen, P., Mannermaa, A., Ryynanen, M., et al. (1998).
Longitudinal SPECT study in Alzheimer's disease:Relation to apolipoprotein E polymorphism. Journal of
Neurology, Neurosurgery, and Psychiatry, 64, 742-746.
Leveille, S.G. (2004). Musculoskeletal aging. Current Opinion in Rheumatology, 16, 114-118. 
Li, C., Engström, G., Hedblad, B., & Janzon, L. (2006). Sex-specific cardiovascular morbidity and
mortality in a cohort treated for hypertension. Journal of Hypertension, 24, 1523-1529.
Liesi, P., Narvanen, A., Soos, J., Sariola, H., & Snounou, G. (1989). Identification of a neurite
outgrowth-promoting domain of laminin using synthetic peptides. FEBS Letters, 244, 141-148.
Lijnen, H.R., & Collen, D. (1997). Endothelium in hemostasis and thrombosis. Progress in
Cardiovascular Diseases, 39, 343-350. 
Lindeboom, J., & Jonker, C. (1989). Amsterdamse Dementie-screeningtest, handleiding. Lisse: Swets
& Zeitlinger.
Lindenmuth, G.F., & Moose, B. (1990). Improving cognitive abilities of elderly Alzheimer's patients
with intense exercise therapy. American Journal of Alzheimer’s Disease and Related Disorders, 5, 31-
33.
163
References
Lindsay, J., & Anderson, L. (2004). Dementia / Alzheimer's Disease. BMC Womens Health, 4 suppl,
S20.
Liu, W., Miller, B.L., Kramer, J.H., Rankin, K., Wyss-Coray, C., Gearhart, R., et al. (2004). Behavioral
disorders in the frontal and temporal variants of frontotemporal dementia. Neurology, 62, 742-748.
Liu, Y., Nuutinen, J., Laakso, M.P., Karonen, J.O., Soimakallio, S., Aronen, H.J., et al. (2006). ApoE
polymorphism and acute stroke: a study with diffusion- and perfusion-weighted MRI and MR
angiography. Acta Neurologica Scandinavica, 114, 323-328.
Loeb, C., & Meyer, J.S. (2000). Criteria for diagnosis of vascular dementia. Archives of Neurology, 57,
1382-1383.
Logan, G.D., & Cowan, W.B. (1984). On the ability to inhibit thought and action: A theory of an act of
control. Psychological Review, 91, 295-327.
Loose, R., Kaufmann, C., Tucha, O., Auer, D.P., & Lange, K.W. (2006). Neural networks of response
shifting: influence of task speed and stimulus material. Brain Research, 1090, 146-155.
Lotze, M., Heymans, U., Birbaumer, N., Veit, R., Erb, M., Flor, H., et al. (2006). Differential cerebral
activation during observation of expressive gestures and motor acts. Neuropsychologia, 44, 1787-
1795.
Lu, B., & Chow, A. (1999). Neurotrophins and hippocampal synaptic transmission and plasticity.
Journal of Neuroscience Research, 58, 76-87.
Lund, D.A., Hill, R.D., Caserta, M.S., & Wright, S.D. (1995). Video Respite: an innovative resource for
family, professional caregivers, and persons with dementia. The Gerontologist, 35, 683-687.
Lyketsos, C.G., Lopez, O., Jones, B., Fitzpatrick, A.L., Breitner, J., & DeKosky, S. (2002). Prevalence
of neuropsychiatric symptoms in dementia and mild cognitive impairment: results from the
cardiovascular health study. The Journal of the American Medical Association, 288, 1475-1483.
MacRae, P.G., Asplund, L.A., Schnelle, J.F., Ouslander, J.G., Abrahamse, A., & Morris, C. (1996). A
walking program for nursing home residents: Effects on walk endurance, physical activity, mobility,
and quality of life. Journal of the American Geriatrics Society, 44, 175-180.
Madeira, M.D., Pereira, P.A., Silva, S.M., Cadete-Leite, A., & Paula-Barbosa, M.M. (2004). Basal
forebrain neurons modulate the synthesis and expression of neuropeptides in the rat suprachiasmatic
nucleus. Neuroscience, 125, 889-901.
Mahley, R.W., & Rall, S.C. Jr. (2000). Apolipoprotein E: far more than a lipid transport protein. Annual
Review of Genomics and Human Genetics, 1, 507-537.
Marras, C., Rochon, P., & Lang, A.E. (2002). Predicting motor decline and disability in Parkinson
disease: a systematic review. Archives of Neurology, 59, 1724-1728.
Martel, C.L., Mackic, J.B., Matsubara, E., Governale, S., Miguel, C., Miao, W., et al. (1997). Isoform-
specific effects of apolipoproteins E2, E3, and E4 on cerebral capillary sequestration and blood-brain
barrier transport of circulating Alzheimer’s amyloid. Journal of Neurochemistry, 69, 1995-2004.
Martin, J., Marler, M., Shochat, T., & Ancoli-Israel, S. (2000). Circadian rhythms of agitation in
institutionalized patients with Alzheimer's disease. Chronobiology International, 17, 405-418.
Martin, J.A., Craft, D.K., Su, J.H., Kim, R.C., & Cotman, C.W. (2001). Astrocytes degenerate in
frontotemporal dementia: possible relation to hypoperfusion. Neurobiology of Aging, 22, 195-207.
Martin, J.L., Webber, A.P., Alam, T., Harker, J.O., Josephson, K.R., & Alessi, C.A. (2006). Daytime
sleeping, sleep disturbance, and circadian rhythms in the nursing home. The American Journal of
Geriatric Psychiatry, 14, 121-129.
Matsuda, H. (2001). Cerebral blood flow and metabolic abnormalities in Alzheimer's disease. Annals of
Nuclear Medicine, 15, 85-92.
164
Matsuda, K., Tashiro, K., Hayashi, Y., Monji, A., Yoshida, I., & Mitsuyama, Y. (2002). Measurement of
laminins in the cerebrospinal fluid obtained from patients with  Alzheimer’s disease and vascular
dementia using a modified enzyme-linked immunosorbent assay. Dementia and Geriatric Cognitive
Disorders, 14, 113-122.
Maxwell, A.J. (2002). Mechanisms of dysfunction of the nitric oxide pathway in vascular diseases.
Nitric Oxide, 6, 101-124.
McArdle, W.D., Katch, F.I., & Katch, V.L. (2001). Exercise physiology: exercise, nutrition and human
performance. Baltimore: Lippincott, Williams & Wilkins, p185.
McCurry, S.M., & Ancoli-Israel, S. (2003). Sleep Dysfunction in Alzheimer's Disease and Other
Dementias. Current Treatment Options in Neurology, 5, 261-272.
McCurry, S.M., Gibbons, L.E., Logsdon, R.G., Vitiello, M.V., & Teri, L. (2005). Nighttime insomnia
treatment and education for Alzheimer's disease: A randomized, controlled trial. Journal of the
American Geriatrics Society, 53, 793-802.
McCurry, S.M., Logsdon, R.G., Teri, L., Gibbons, L.E., Kukull, W.A., Bowen, J.D., et al. (1999).
Characteristics of sleep disturbance in community-dwelling Alzheimer's disease patients. Journal of
Geriatric Psychiatry and Neurology, 12, 53-59.
McKeith, I.G., Galasko, D., Kosaka, K., Perry, E.K., Dickson, D.W., Hansen, L.A., et al. (1996).
Consensus guidelines for the clinical and pathologic diagnosis of dementia with Lewy bodies (DLB):
report of the consortium on DLB international workshop. Neurology, 47, 1113-1124.
McKeith, I., Mintzer, J., Aarsland, D., Burn, D., Chiu, H., Cohen-Mansfield, J., et al. (2004).
International Psychogeriatric Association Expert Meeting on DLB. Dementia with Lewy bodies. Lancet
Neurology, 3, 19-28.
McKhann, G., Drachman, D., Folstein, M., Katzman, R., Price, D., & Stadlan, E.M. (1984). Clinical
diagnosis of Alzheimer's disease: report of the NINCDS-ADRDA Work Group under the auspices of
Department of Health and Human Services Task Force on Alzheimer's Disease. Neurology, 34, 939-
944.
McMurtray, A.M., Chen, A.K., Shapira, J.S., Chow, T.W., Mishkin, F., Miller, B.L., et al. (2006).
Variations in regional SPECT hypoperfusion and clinical features in frontotemporal dementia.
Neurology, 66, 517-522.
Meddaugh, D.I. (1987). Exercise-to-Music for the Abusive Patient. Clinical Gerontologist, 6, 147-154.
Meijer, E.P., Westerterp, K.R., & Verstappen, F.T. (1999). Effect of exercise training on total daily
physical activity in elderly humans. European Journal of Applied Physiology and Occupational
Physiology, 80, 16-21.
Melchor, J.P., Pawlak, R., & Strickland, S. (2003). The tissue plasminogen activator-plasminogen
proteolytic cascade accelerates amyloid-β (Aβ) degradation and inhibits Aβ-induced neurodegeneration.
The Journal of Neuroscience, 23, 8867-8871.
Meltzer, C.C., Smith, G., DeKosky, S.T., Pollock, B.G., Mathis, C.A., Moore, R.Y., et al. (1998).
Serotonin in aging, late-life depression, and Alzheimer's disease: The emerging role of functional
imaging. Neuropsychopharmacology, 18, 407-430.
Mendez, M.F., Shapira, J.S., & Miller, B.L. (2005). Stereotypical movements and frontotemporal
dementia. Movement Disorders, 20, 742-745.
Menz, H.B., Lord, S.R., & Fitzpatrick, R.C. (2003). Age-related differences in walking stability. Age and
Ageing, 32, 137-142.
Mergl, R., Pogarell, O., Juckel, G., Rihl, J., Henkel, V., Frodl, T, et al. (2007). Hand-motor dysfunction
in depression: characteristics and pharmacological effects. Clinical EEG and Neuroscience, 38, 82-88. 
165
References
Mergl, R., Tigges, P., Schröter, A., Möller, H-J., & Hegerl, U. (1999). Digitized analysis of handwriting
and drawing in healthy subjects: methods, results and perspectives. Journal of Neuroscience Methods,
90, 157-169.
Meuleman, J.R., Brechue, W.F., Kubilis, P.S., & Lowenthal, D.T. (2000). Exercise Training in the
Debilitated Aged: Strength and Functional Outcomes. Archives of Physical Medicine and Rehabilitation,
81, 312-318.
Meyer, J.S., Rauch, G.M., Rauch, R.A., & Haque, A., Crawford K. (2000). Cardiovascular and other
risk factors for Alzheimer's disease and vascular dementia. Annals of the New York Academy of
Sciences, 903, 411-423.
Mielke, R., Moller, H.J., Erkinjuntti, T., Rosenkranz, B., Rother, M., & Kittner, B. (1998).
Propentofylline in the treatment of vascular dementia and Alzheimer-type dementia: overview of phase
I and phase II clinical trials. Alzheimer Disease and Associated Disorders, 12 suppl, S29-S35.
Miklossy, J. (2003). Cerebral hypoperfusion induces cortical watershed microinfarcts which may
further aggravate cognitive decline in Alzheimer's disease. Neurological Research, 25, 605-610.
Milak, M.S., Parsey, R.V., Keilp, J., Oquendo, M.A., Malone, K.M., & Mann, J.J. (2005).
Neuroanatomic correlates of psychopathologic components of major depressive disorder. Archives of
General Psychiatry, 62, 397-408.
Mito, Y., Yoshida, K., Yabe, I., Makino, K., Hirotani, M., Tashiro, K., et al. (2005). Brain 3D-SSP
SPECT analysis in dementia with Lewy bodies, Parkinson's disease with and without dementia, and
Alzheimer's disease. Clinical Neurology and Neurosurgery, 107, 396-403.
Miyasaki, J.M., Martin, W., Suchowersky, O., Weiner, W.J., & Lang, A.E. (2002). Practice parameter:
initiation of treatment for Parkinson's disease: an evidence-based review: report of the Quality
Standards Subcommittee of the American Academy of Neurology. Neurology, 58, 11-7.
Molnar-Szakacs, I., Kaplan, J., Greenfield, P.M., & Iacoboni, M. (2006). Observing complex action
sequences: The role of the fronto-parietal mirror neuron system. Neuroimage, 33, 923-935.
Monji, A., Yoshida, I., Tashiro, K., Hayashi, Y., Matsuda, K., & Tashiro, N. (2000). Inhibition of Aβ
fibril formation and Aβ-induced cytotoxicity by senile plaque-associated proteins. Neuroscience Letters,
278, 81-84.
Montgomery, P., & Dennis, J. (2004). A systematic review of non-pharmacological therapies for sleep
problems in later life. Sleep Medicine Reviews, 8, 47-62.
Morgan, C., & Inestrosa, N.C. (2001). Interactions of laminin with the amyloid β peptide. Implications
for Alzheimer’s disease. Brazilian Journal of Medical and Biological Research, 34, 597-601.
Morgan, K. (2003). Daytime activity and risk factors for late-life insomnia. Journal of Sleep Research,
12, 231-238.
Morio, B., Montaurier, C., Pickering, G., Ritz, P., Fellmann, N., Coudert, J., et al. (1998). Effects of 14
weeks of progressive endurance training on energy expenditure in elderly people. The British Journal of
Nutrition, 80, 511-519.
Moro, V., Badaut, J., Springhetti, V., Edvinsson, L., Seylaz, J., & Lasbennes, F. (1995). Regional study
of the co-localization of neuronal nitric-oxide synthase with muscarinic receptors in the rat cerebral
cortex. Neuroscience, 69, 797-805.
Morris, J.C., Heyman, A., Mohs, R.C., Hughes, J.P., Van Belle, G., Fillenbaum, G., et al. (1989). The
Consortium to Establish a Registry for Alzheimer’s Disease (CERAD). Part I. Clinical and
neuropsychological assessment of Alzheimer’s Disease. Neurology, 39, 1159–1165. 
Mulder, J.L., Dekker, R., & Dekker, P.H. (1995). Verbale Leer-en Geheugentest (Verbal Learning and
Memory Test). Lisse: Swets & Zeitlinger, 
Muldowney, J.A., Vaughan, D.E. (2002). Tissue-type plasminogen activator release. New frontiers in
endothelial function. Journal of the American College of Cardiology, 40, 967-969.
166
Mulrow, C.D., Gerety, M.B., Kanten, D., Cornell, J.E., Denino, L.A., Chiodo, L., et al. (1994). A
Randomized Trial of Physical Rehabilitation for Very Frail Nursing-Home Residents. Journal of the
American Medical Association, 271, 519-524.
Nagahama, Y., Nabatame, H., Okina, T., Yamauchi, H., Narita, M., Fujimoto, N., et al. (2003). Cerebral
correlates of the progression rate of the cognitive decline in probable Alzheimer's disease. European
Neurology, 50, 1-9.
Nagai, N., De Mol, M., Lijnen, H.R., Carmeliet, P., & Collen, D. (1999). Role of plasminogen system
components in focal cerebral ischemic infarction. A gene targeting and gene transfer study in mice.
Circulation, 99, 2440-2444.
Nagels, G., Engelborghs, S., Vloeberghs, E., Lemmens, W., Pickut, B.A., & De Deyn, P.P. (2007).
Correlation between actigraphy and nurses' observation of activity in dementia. International Journal of
Geriatric Psychiatry, 22, 84-86.
Nakajima, K., Uchida, S., Suzuki, A., Hotta, H., & Aikawa, Y. (2003). The effect of walking on regional
blood flow and acetylcholine in the hippocampus in conscious rats. Autonomic Neuroscience, 103, 83-
92.
Namazi, K.H., Zadorozny, C.A., & Gwinnup, P.B. (1995). The influences of physical activity on
patterns of sleep behavior of patients with Alzheimer’s disease. International journal of Aging & Human
Development, 40, 145-153.
Naso, F., Carner, E., Blankfortdoyle, W., & Coughey, K. (1990). Endurance training in the elderly
nursing home patient. Archives of Physical Medicine and Rehabilitation, 71, 241-243.
Neary, D., Snowden, J.S., Gustafson, L., Passant, U., Stuss, D., Black, S., et al. (1998).
Frontotemporal lobar degeneration: a consensus on clinical diagnostic criteria. Neurology, 51, 1546-
1554.
Neary, D., Snowden, J., & Mann, D. (2005). Frontotemporal dementia. Lancet Neurology, 4, 771-780.
Neef, D., & Walling, A.D. (2006). Dementia with Lewy bodies: an emerging disease. American Family
Physician, 73, 1223-1229.
Neeper, S.A., Gómez-Pinilla, F., Choi, J., & Cotman, C. (1995). Exercise and brain neurotrophins.
Nature, 373, 109.
Nichol, K.E., Kim, R., & Cotman, C.W. (2001). Bcl-2 family protein behavior in frontotemporal
dementia implies vascular involvement. Neurology, 56 suppl, S35-S40.
Nielsen, A.S., Ravid, R., Kamphorst, W., & Jørgensen, O.S. (2003). Apolipoprotein E epsilon 4 in an
autopsy series of various dementing disorders. Journal of Alzheimer’s Disease, 5, 119-125.
Nishitani, N., & Hari. R. (2002). Viewing lip forms: cortical dynamics. Neuron, 36, 1211-1220.
Nygaard, H.A., & Ruths, S. (2003). Missing the diagnosis: senile dementia in patients admitted to
nursing homes. Scandinavian Journal of Primary Health Care, 21, 148-152.
O'Brien, J.T. (2006). Vascular cognitive impairment. The American Journal of Geriatric Psychiatry, 14,
724-733.
Oczkowski, W. (2005). Complexity of the relation between physical activity and stroke: a meta-
analysis. Clinical Journal of Sport Medicine, 15, 399.
Ohm, T.G., Scharnagl, H., Marz, W., & Bohl, J. (1999). Apolipoprotein E isoforms and the
development of low and high Braak stages of Alzheimer's disease-related lesions. Acta
Neuropathologica, 98, 273-280.
O’Keefe, S.T., Kazeem, H., Philpott, R.M., Playfer, J.R., Gosney, M., & Lye, M. (1996). Gait
disturbance in Alzheimer's disease: A clinical study. Age and Ageing, 25, 313-316.
167
References
Olazarán, J., Muñiz, R., Reisberg, B., Peña-Casanova, J., Del Ser, T., Cruz-Jentoft, A.J., et al. (2004).
Benefits of cognitive-motor intervention in MCI and mild to moderate Alzheimer disease. Neurology,
63, 2348-2353.
Orsitto, G., Seripa, D., Panza, F., Franceschi, M., Cascavilla, L., Placentino, G., et al. (2007).
Apolipoprotein E genotypes in hospitalized elderly patients with vascular dementia. Dementia and
Geriatric Cognitive Disorders, 23, 327-333.
Paavilainen, P., Korhonen, I., Lötjönen, J., Cluitmans, L., Jylhä, M., Särelä, A., et al. (2005). Circadian
activity rhythm in demented and non-demented nursing-home residents measured by telemetric
actigraphy. Journal of Sleep Research, 14, 61-68.
Palleschi, L., Vetta, F., DeGennaro, E., Idone, G., Sottosanti, G., Gianni, W., et al. (1996). Effect of
aerobic training on the cognitive performance of elderly patients with senile dementia of Alzheimer
type. Archives of Gerontolology and Geriatrics, 5 suppl, 47-50.
Palmer, C. (2005). Exercise as a treatment for depression in elders. Journal of the American Academy
of Nurse Practitioners, 17, 60-66.
Palo-Bengtsson, L., & Ekman, S.L. (2002). Emotional response to social dancing and walks in persons
with dementia. American Journal of Alzheimer's Disease and Other Dementias, 17, 149-153.
Parihar, M.S., & Hemnani, T. (2004). Alzheimer's disease pathogenesis and therapeutic interventions.
Journal of Clinical Neuroscience, 11, 456-467.
Paterson, D.H., & Cunningham, D.A. (1999). The gas transporting systems: limits and modifications
with age and training. Canadian Journal of Applied Physiology, 24, 28-40.
Paus, T., Petrides, M., Evans, A.C., & Meyer, E. (1993). Role of the human anterior cingulate cortex in
the control of oculomotor, manual, and speech responses: a positron emission tomography study.
Journal of Neurophysiology, 70, 453-469.
Pennington, B.F., & Ozonoff, S. (1996). Executive functions and developmental psychopathology.
Journal of Child Psychology and Psychiatry, and Allied Disciplines, 37, 51-87.
Petersen, R.C., Smith, G.E., Waring, S.C., Ivnik, R.J., Tangalos, E.G., & Kokmen, E. (1999). Mild
cognitive impairment: clinical characterization and outcome. Archives of Neurology, 56, 303-308.
Petrides, M., & Pandya, D.N. (2006). Efferent association pathways originating in the caudal prefrontal
cortex in the macaque monkey. The Journal of Comparative Neurology, 498, 227-251.
Pettersson, A.F., Engardt, M., & Wahlund, L.O. (2002). Activity level and balance in subjects with mild
Alzheimer's disease. Dementia and Geriatric Cognitive Disorders, 13, 213-216.
Plutchik, R., Conte, H., Lieberman, M., Bakur, M., Grossman, J., & Lehrman, N. (1970). Reliability and
validity of a scale for assessing functioning of geriatric patients. Journal of the American Geriatrics
Society, 18, 491-500.
Pober, D.M., Braun, B., & Freedson, P.S. (2004). Effects of a single bout of exercise on resting heart
rate variability. Medicine and Science in Sports and Exercise, 36, 1140-1148.
Podewils, L.J., Guallar, E., Kuller, L.H., Fried, L.P., Lopez, O.L., Carlson, M., et al. (2005). Physical
activity, APOE genotype, and dementia risk: findings from the Cardiovascular Health Cognition Study.
American Journal of Epidemiology, 161, 639-651.
Posner, H.B., Tang, M.X., Luchsinger, J., Lantigua, R., Stern, Y., & Mayeux, R. (2002). The
relationship of hypertension in the elderly to AD, vascular dementia, and cognitive function. Neurology,
58, 1175-1181.
Pott, F., Knudsen, L., Nowak, M., Nielsen, H.B., Hanel, B., & Secher, N.H. (1997). Middle cerebral
artery blood velocity during rowing. Acta Physiologica Scandinavica, 160, 251-255.
Potter, G.G., & Steffens, D.C. (2007). Contribution of depression to cognitive impairment and
dementia in older adults. The Neurologist, 13, 105-117.
168
Powell, R.R. (1974). Psychological effects of exercise therapy upon institutionalized geriatric mental
patients. Journal of Gerontology, 29, 157-164.
Prager, G.W., Breuss, J.M., Steurer, S., Mihaly, J., & Binder, B.R. (2004). Vascular endothelial growth
factor (VEGF) induces rapid prourokinase (pro-uPA) activation on the surface of endothelial cells.
Blood, 103, 955-962.
Prehogan, A., & Cohen, C.I. (2004). Motor dysfunction in dementias - Differential diagnosis of
dementia requires acute understanding of motor symptoms. Geriatrics, 59, 53-54.
Premkumar, D.R., Cohen, D.L., Hedera, P., Friedland, R.P., & Kalaria, R.N. (1996). Apolipoprotein E-
epsilon4 alleles in cerebral amyloid angiopathy and cerebrovascular pathology associated with
Alzheimer's disease. The American Journal of Pathology, 148, 2083-2095.
Priebe, H.J. (2000). The aged cardiovascular risk patient. British Journal of Anaesthesia, 85, 763-778
Pritchard, A.L., Harris, J., Pritchard, C.W., Coates, J., Haque, S., Holder, R., et al. (2007). The effect
of the apolipoprotein E gene polymorphisms and haplotypes on behavioural and psychological
symptoms in probable Alzheimer's disease. Journal of Neurology, Neurosurgery, and Psychiatry, 78,
123-126.
Prohovnik, I., Perl, D.P., Davis, K.L., Libow, L., Lesser, G., & Haroutunian, V. (2006). Dissociation of
neuropathology from severity of dementia in late-onset Alzheimer disease. Neurology, 66, 49-55.
Prunell, G.F., Mathiesen, T., & Svendgaard, N.A. (2004). Experimental subarachnoid hemorrhage:
Cerebral blood flow and brain metabolism during the acute phase in three different models in the rat.
Neurosurgery, 54, 426-436.
Puggaard, L., Larsen, J.B., Stovringm H., & Jeune, B. (2000). Maximal oxygen uptake, muscle
strength and walking speed in 85-year-old women: effects of increased physical activity. Aging
(Milano), 12, 180-189.
Pugh, K.G., & Lipsitz, L.A. (2002). The microvascular frontal-subcortical syndrome of aging.
Neurobiology of Aging, 23, 421-431.
Rapp, M.A., Schnaider-Beeri, M., Sano, M., Silverman, J.M., & Haroutunian, V. (2005). Cross-domain
variability of cognitive performance in very old nursing home residents and community dwellers:
relationship to functional status. Gerontology, 51, 206-122.
Rastas, S., Verkkoniemi, A., Polvikoski, T., Juva, K., Niinisto, L., Mattila, K., et al. (2007). Atrial
fibrillation, stroke, and cognition: a longitudinal population-based study of people aged 85 and older.
Stroke, 38, 1454-1460.
Ratnavalli, E., Brayne, C., Dawson, K., & Hodges, J.R. (2002). The prevalence of frontotemporal
dementia. Neurology, 58, 1615-1621.
Raven, J.C. (1965). Guide to using the coloured progressive matrices, sets A, Ab, B. Dumfries: William
Grieve & Sons.
Redila, V.A., & Christie, B.R. (2006). Exercise-induced changes in dendritic structure and complexity in
the adult hippocampal dentate gyrus. Neuroscience, 137, 1299-1307.
Reiman, E.M., Caselli, R.J., Yun, L.S., Chen, K.W., Bandy, D., Minoshima, S., et al. (1996). Preclinical
evidence of Alzheimer's disease in persons homozygous for the epsilon 4 allele for apolipoprotein E.
The New England Journal of Medicine, 334, 752-758.
Reitan, R.M., & Wolfson, D. (1985). The Halstead-Reitan Neuropsychology Test Battery. Tucson, ZA:
Neuropsychology Press.
Rendeli, C., Salvaggio, E., Sciascia Cannizzaro, G., Bianchi, E., Caldarelli, M., & Guzzetta, F. (2002).
Does locomotion improve the cognitive profile of children with meningomyelocele? Child’s Nervous
System, 18, 231-234.
169
References
Requena, C., Lopez Ibor, M.I., Maestu, F., Campo, P., Lopez Ibor, J.J., & Ortiz, T. (2004). Effects of
cholinergic drugs and cognitive training on dementia. Dementia and Geriatric Cognitive Disorders, 18,
50-54.
Riccio, D., Solinas, A., Astara, G., & Mantovani, G. (2007). Comprehensive geriatric assessment in
female elderly patients with Alzheimer disease and other types of dementia. Archives of Gerontology
and Geriatrics, 44 suppl, 343-353.
Richards, K.C., Beck, C., Shue, V.M., & O'Sullivan, P.S. (2005). Demographic and sleep
characteristics in cognitively impaired nursing home residents with and without severe sleep/wake
pattern inefficiency. Issues in Mental Health Nursing, 26, 751-769.
Rigaud, A.S., Traykov, L., Caputo, L., Guelfi, M.C., Latour, F., Couderc, R., et al. (2000). The
apolipoprotein E epsilon4 allele and the response to tacrine therapy in Alzheimer's disease. European
Journal of Neurology, 7, 255-258.
Rigaud, A.S., Traykov, L., Latour, F., Couderc, R., Moulin, F., & Forette, F. (2002). Presence or
absence of at least one epsilon 4 allele and gender are not predictive for the response to donepezil
treatment in Alzheimer's disease. Pharmacogenetics, 12, 415-420.
Risner, M.E., Saunders, A.M., Altman, J.F., Ormandy, G.C., Craft, S., Foley, I.M., et al. (2006).
Efficacy of rosiglitazone in a genetically defined population with mild-to-moderate Alzheimer's disease.
The Pharmacogenomics Journal, 6, 246-254.
Rizzolatti, G. (2005). The mirror neuron system and imitation. In S. Hurley & N. Chater (Eds),
Perspectives on imitation: from neuroscience to social science (pp. 55-76). London: MIT Press. 
Rizzolatti, G., & Craighero, L. (2004). The mirror-neuron system. Annual Review of Neuroscience, 27,
169-192.
Rizzolatti, G., Fadiga, L., Gallese, V., & Fogassi, L. (1996). Premotor cortex and the recognition of
motor actions. Brain Research. Cognitive Brain Research, 3, 131-141.
Robb, S. (1985). Exercise treatment for wandering behaviour (abstract). The Gerontologist, 25, 136.
Roberto, K.A., Gigliotti. C.M., Husser, E.K. (2005). Older women's experiences with multiple health
conditions: daily challenges and care practices. Health Care for Women International, 26, 672-692.
Rogers, T.T., Ivanoiu, A., Patterson, K., & Hodges, J.R. (2006). Semantic memory in Alzheimer's
disease and the frontotemporal dementias: a longitudinal study of 236 patients. Neuropsychology, 20,
319-335.
Rolland, Y., Pillard, F., Klapouszczak, A., Reynish, E., Thomas, D., Andrieu, S., et al. (2007). Exercise
program for nursing home residents with Alzheimer's disease: a 1-year randomized, controlled trial.
Journal of the American Geriatrics Society, 55, 158-165.
Rolland, Y., Rival, L., Pillard, F., Lafont, C.H., Riviere, D., Albarede, J-L., et al. (2000). Feasibility of
regular physical exercise for patients with moderate to severe Alzheimer disease. The Journal of
Nutrition, Health & Aging, 4, 109-113.
Román, G.C. (2002). Vascular dementia may be the most common form of dementia in the elderly.
Journal of the Neurological Sciences, 203-204, 7-10.
Román, G.C. (2003). Vascular dementia: distinguishing characteristics, treatment, and prevention.
Journal of the American Geriatrics Society, 51 suppl, S296-S304.
Román, G.C. (2005). Vascular dementia prevention: a risk factor analysis. Cerebrovascular Diseases,
20 suppl, 91-100.
Román, G.C., Erkinjuntti, T., Wallin, A., Pantoni, L., & Chui, H.C. (2002). Subcortical ischaemic
vascular dementia. Lancet Neurology, 1, 426-436.
170
Román, G.C., Tatemichi, T.K., Erkinjuntti, T., Cummings, J.L., Masdeu, J.C., Garcia, J.H., et al.
(1993). Vascular dementia: diagnostic criteria for research studies. Report of the NINDS-AIREN
International Workshop. Neurology, 43, 250-260.
Rosen, H.J., Hartikainen, K.M., Jagust, W., Kramer, J.H., Reed, B.R., Cummings, J.L., et al. (2002).
Utility of clinical criteria in differentiating frontotemporal lobar degeneration (FTLD) from AD.
Neurology, 58, 1608-1615.
Rosenzweig, M.R., & Bennett, E.L. (1996). Psychobiology of plasticity: effects of training and
experience on brain and behavior. Behavioural Brain Research, 78, 57-65.
Rosso, S.M., Roks, G., Cruts, M., Van Broeckhoven, C., Heutink, P., van Duijn, C.M., et al. (2002).
Apolipoprotein E4 in the temporal variant of frontotemporal dementia. Journal of Neurology,
Neurosurgery, and Psychiatry, 72, 820.
Roth, M., Tym, E., Mountjoy, C.Q., Huppert, F.A., Hendrie, H., Verma, S., et al. (1986). Camdex - A
standardized instrument for the diagnosis of mental disorder in the elderly with special reference to the
early detection of dementia. British Journal of Psychiatry, 149, 698-709.
Rovio, S., Kareholt, I., Helkala, E.L., Viitanen, M., Winblad, B., Tuomilehto, J., et al. (2005). Leisure-
time physical activity at midlife and the risk of dementia and Alzheimer's disease. Lancet Neurology, 4,
705-711.
Rubin, C.D. (2006). The primary care of Alzheimer disease. The American Journal of the Medical
Sciences, 332, 314-333.
Salehi, A., Dubelaar, E.J., Mulder, M., & Swaab, D.F. (1998). Aggravated decrease in the activity of
nucleus basalis neurons in Alzheimer's disease is apolipoprotein E-type dependent. Proceedings of the
National Academy of Sciences of the United States of America, 95, 11445-11449.
Salehi, A., & Swaab, D.F. (1999). Diminished neuronal metabolic activity in Alzheimer's disease.
Review article. Journal of Neural Transmission, 106, 955-986.
Scarmeas, N., Habeck, C.G., Stern, Y., & Anderson, K.E. (2003). APOE genotype and cerebral blood
flow in healthy young individuals. The Journal of the American Medical Association, 290, 1581-1582.
Scherder, E.J., & Bouma, A. (1999). Effects of transcutaneous electrical nerve stimulation on memory
and behavior in Alzheimer's disease may be stage-dependent. Biological Psychiatry, 45, 743-749.
Scherder, E.J., Eggermont, L.H., Sergeant, J.A., & Boersma, F. (2007). Physical activity and cognition
in Alzheimer’s disease; a relationship to vascular risk factors, executive functions and gait. Reviews in
the Neurosciences, 18, 149-158.
Scherder, E.J., Van Paasschen, J., Deijen, J.B., Van Der Knokke, S., Orlebeke, J.F., Burgers, I., et al.
(2005). Physical activity and executive functions in the elderly with mild cognitive impairment. Aging &
Mental Health, 9, 272-280.
Scherder, E., Eggermont, L., Swaab, D., van Heuvelen, M., Kamsma, Y., de Greef, M. et al. (2007).
Gait in ageing and associated dementias; its relationship with cognition. Neuroscience and
Biobehavioral Reviews, 31, 485-497.
Schini-Kerth, V.B. (1999). Vascular biosynthesis of nitric oxide: effect on hemostatis and fibrinolysis.
Transfusion Clinique et Biologique, 6, 355-363.
Schliebs, R., & Arendt, T. (2006). The significance of the cholinergic system in the brain during aging
and in Alzheimer's disease. Journal of Neural Transmission, 113, 1625-1644. 
Schmand, B., Hooijer, C., Jonker, C., Lindeboom, J., & Havekes, L.M. (1998). Apolipoprotein E
phenotype is not related to late-life depression in a population-based sample. Social Psychiatry and
Psychiatric Epidemiology, 33, 21-26.
Schnelle, J.F., Alessi, C.A., Al-Samarrai, N.R., Fricker, R.D. Jr., & Ouslander, J.G. (1999). The nursing
home at night: effects of an intervention on noise, light, and sleep. Journal of the American Geriatrics
Society, 47, 430-438.
171
References
Schnelle, J.F., Alessi, C.A., Simmons, S.F., Al-Samarrai, N.R., Beck, J.C., & Ouslander, J.G. (2002).
Translating clinical research into practice: a randomized controlled trial of exercise and incontinence
care with nursing home residents. Journal of the American Geriatrics Society, 50, 1476-1483.
Schnelle, J.F., MacRae, P.G., Ouslander, J.G., Simmons, S.F., & Nitta, M. (1995). Functional
Incidental Training, Mobility Performance, and Incontinence Care with Nursing Home Residents.
Journal of the American Geriatrics Society, 43, 1356-1362.
Schoevers, R.A., Beekman, A.T., Deeg, D.J., Jonker, C., & Van Tilburg, W. (2003). Comorbidity and
risk-patterns of depression, generalised anxiety disorder and mixed anxiety-depression in later life:
results from the AMSTEL study. International Journal of Geriatric Psychiatry, 18, 994-1001.
Schröter, A., Mergl, R., Bürger, K., Hampel, H., Möller, H-J., & Hegerl, U. (2003). Kinematic analysis
of handwriting movements in patients with Alzheimer’s disease, mild cognitive impairment, depression
and healthy subjects. Dementia and Geriatric Cognitive Disorders, 15, 132-142. 
Schuit, A.J., Feskens, E.J., Launer, L.J., & Kromhout, D. (2001). Physical activity and cognitive
decline, the role of the apolipoprotein e4 allele. Medicine and Science in Sports and Exercise, 33, 772-
777.
Schur, D., & Whitlatch, C.J. (2003). Circumstances leading to placement: a difficult caregiving
decision. Lippincotts Case Management, 8, 187-95.
Schweitzer, P.K. (2000). Drugs that disturb sleep and wakefulness. In M.H. Kryger, T. Roth, & W.C.
Dement (eds.), Principles and practice of sleep medicine, 3rd ed. (pp.441-461). Philadelphia: WB
Saunders Company.
Selley, M.L. (2003). Increased concentrations of homocysteine and asymmetric dimethylarginine and
decreased concentrations of nitric oxide in the plasma of patients with Alzheimer’s disease.
Neurobiology of Aging, 24, 903-907.
Shih, M., Hootman, J.M., Kruger, J., & Helmick, C.G. (2006). Physical activity in men and women
with arthritis National Health Interview Survey, 2002. American Journal of Preventive Medicine, 30,
385-393.
Shimizu, S., Hanyu, H., Kanetaka, H., Iwamoto, T., Koizumi, K., & Abe, K. (2005). Differentiation of
dementia with Lewy bodies from Alzheimer's disease using brain SPECT. Dementia and Geriatric
Cognitive Disorders, 20, 25-30.
Sims, J., Hill, K., Davidson, S., Gunn, J., & Huang, N. (2006). Exploring the feasibility of a community-
based strength training program for older people with depressive symptoms and its impact on
depressive symptoms. BMC Geriatrics, 6, 18.
Singleton, A.B., Wharton, A., O'Brien, K.K., Walker, M.P., McKeith, I.G., Ballard, C.G., et al. (2002).
Clinical and neuropathological correlates of apolipoprotein E genotype in dementia with Lewy bodies.
Dementia and Geriatric Cognitive Disorders, 14, 167-175.
Skoog, I., & Gustafson, D. (2003). Hypertension, hypertension-clustering factors and Alzheimer's
disease. Neurological Research, 25, 675-680.
Smith, D.T., Hoetzer, G.L., Greiner, J.J., Stauffer, B.L., & DeSouza, C.A. (2003). Effects of ageing and
regular aerobic exercise on endothelial fibrinolytic capacity in humans. Journal of Physiology, 546,
289-298.
Smith, J.D. (2000). Apolipoprotein E4: an allele associated with many diseases. Annals of Medicine,
32, 118-127.
Snijders, J.T., & Verhage, F. (1983). Groninger Intelligentie Test. Lisse: Swets & Zeitlinger.
Sobel, B.P. (2001). Bingo vs. physical intervention in stimulating short-term cognition in Alzheimer's
disease patients. American Journal of Alzheimer’s Disease and Other Dementias, 16, 115-120.
Song, Y., Stampfer, M.J., & Liu, S. (2004). Meta-analysis: apolipoprotein E genotypes and risk for
coronary heart disease. Annals of Internal Medicine, 141, 137-147.
172
Sowers, J.R., & Farrow, S.L. (1996). Treatment of Elderly Hypertensive Patients With Diabetes, Renal
Disease, and Coronary Heart Disease. The American Journal of Geriatric Cardiology, 5, 57-70.
Sparks, D.L., Connor, D.J., Sabbagh, M.N., Petersen, R.B., Lopez, J., & Browne, P. (2006). Circulating
cholesterol levels, apolipoprotein E genotype and dementia severity influence the benefit of
atorvastatin treatment in Alzheimer's disease: results of the Alzheimer's Disease Cholesterol-Lowering
Treatment (ADCLT) trial. Acta Neurolologica Scandinavica, 185 suppl, 3-7.
Sparks, D.L., Sabbagh, M.N., Connor, D.J., Lopez, J., Launer, L.J., Petanceska, S., et al. (2005).
Atorvastatin therapy lowers circulating cholesterol but not free radical activity in advance of
identifiable clinical benefit in the treatment of mild-to-moderate AD. Current Alzheimer Research, 2,
343-53.
Spillantini, M.G., & Goedert, M. (2000). Tau mutations in familial frontotemporal dementia. Brain, 123,
857-859.
Spinler, H., & Tognoni, G. (1987). Standardizzazione e taratura italiana di test Neuropsicologici. Italian
Journal of Neurological Sciences, 8 suppl, 71-95.
Spirduso, W.W., & Cronin, D.L. (2001). Exercise dose-response effects on quality of life and
independent living in older adults. Medicine and Science in Sports and Exercise, 33 suppl, S598-S608;
discussion S609-S610.
Srikiatkhachorn, A., Anuntasethakul, T., Maneesri, S., Phansuwan-Pujito, P., Patumraj, S., &
Kasantikul, V. (2000). Hyposerotonin-induced nitric oxide supersensitivity in the cerebral
microcirculation. Headache, 40, 267-275.
Srinivasan, R., Davidson, Y., Gibbons, L., Payton, A., Richardson, A.M., Varma, A., et al. (2006). The
apolipoprotein E epsilon4 allele selectively increases the risk of frontotemporal lobar degeneration in
males. Journal of Neurology, Neurosurgery, and Psychiatry, 77, 154-158.
St-Amand, J., Prud'homme, D., Moorjani, S., Nadeau, A., Tremblay, A., Bouchard, C., et al. (1999).
Apolipoprotein E polymorphism and the relationships of physical fitness to plasma lipoprotein-lipid
levels in men and women. Medicine and Science in Sports and Exercise, 31, 692-697.
Strafella, A.P., & Paus, T. (2000). Modulation of cortical excitability during action observation: a
transcranial magnetic stimulation study. Neuroreport, 11, 2289-2292.
Stout, J.C., Wyman, M.F., Johnson, S.A., Peavy, G.M., & Salmon, D.P. (2003). Frontal behavioural
syndromes and functional status in probable Alzheimer disease. The American Journal of Geriatric
Psychiatry, 11, 683-686.
Strauss, E., MacDonald, S.W., Hunter, M., Moll, A., & Hultsch, D.F. (2002). Intraindividual variability
in cognitive performance in three groups of older adults: cross-domain links to physical status and self-
perceived affect and beliefs. Journal of the International Neuropsychological Society, 8, 893-906.
Sturman, M.T., Morris, M.C., Mendes De Leon, C.F., Bienias, J.L., Wilson, R.S., & Evans, D.A. (2005).
Physical activity, cognitive activity, and cognitive decline in a biracial community population. Archives
of Neurology, 62, 1750-1754.
Suh, G.H., Jung, H.Y., Lee, C.U., Oh, B.H., Lee, S.K., Lee, N., et al. (2006). Effect of the
apolipoprotein E epsilon4 allele on the efficacy and tolerability of galantamine in the treatment of
Alzheimer's disease. Dementia and Geriatric Cognitive Disorders, 21, 33-39.
Sullivan, P.G., & Brown, M.R. (2005). Mitochondrial aging and dysfunction in Alzheimer's disease.
Progress in Neuropsychopharmacology and Biological Psychiatry, 29, 407-410.
Sullivan, S.C., & Richards, K.C. (2004). Predictors of circadian sleep-wake rhythm maintenance in
elders with dementia. Aging & Mental Health, 8, 143-152.
Suzuki, N., Iwatsubo, T., Odaka, A., Ishibashi, Y., Kitada, C., & Ihara, Y. (1994). High tissue content
of soluble beta 1-40 is linked to cerebral amyloid angiopathy. The American Journal of Pathology, 5,
452-460.
173
References
Swaab, D.F. (1991). Brain aging and Alzheimer’s disease, “wear and tear” versus “use it or lose it”.
Neurobiology of Aging, 12, 317-324.
Swaab, D.F. (2004). Human Hypothalamus: Basic and Clinical Aspects, Part I and II. In: M.J. Aminoss,
S. Boller, D.F. Swaab (eds.), Handbook of Clinical Neurology, Vol 79. Amsterdam: Elsevier. 
Swaab, D.F., Dubelaar, E.J., Hofman, M.A., Scherder, E.J., Van Someren, E.J., & Verwer, R.W.
(2002). Brain aging and Alzheimer's disease; use it or lose it. Progress in Brain Research, 138, 343-
373.
Swaab, D.F., Fliers, E., Hoogendijk, W.J., Veltman, D.J., & Zhou, J.N. (2000). Interaction of prefrontal
cortical and hypothalamic systems in the pathogenesis of depression. Progress in Brain Research, 126,
369-396.
Swain, R.A., Harris, A.B., Wiener, E.C., Dutka, M.V., Morris, H.D., Theien, B.E., et al. (2003).
Prolonged exercise induces angiogenesis and increases cerebral blood volume in primary motor cortex
of the rat. Neuroscience, 117, 1037-1046.
Tanaka, A., Okuzumi, H., Kobayashi, I., Murai, N., Meguro, K., & Nakamura, T. (1995). Gait
Disturbance of Patients with Vascular and Alzheimer-Type Dementias. Perceptual and Motor Skills, 80,
735-738.
Tappen, R.M. (1988). Communication Assessment for the Cognitively Impaired, Instrument. University
of Miami, FL: Coral Gables.
Tappen, R.M., Roach, K.E., Applegate, E.B., & Stowell, P. (2000). Effect of a combined walking and
conversation intervention on functional mobility of nursing home residents with Alzheimer disease.
Alzheimer Disease and Associated Disorders, 14, 196-201.
Taylor, A.H., Cable, N.T., Faulkner, G., Hillsdon, M., Narici, M., & Van Der Bij, A.K. (2004). Physical
activity and older adults: a review of health benefits and the effectiveness of interventions. Journal of
Sports Sciences, 22, 703-725. 
Taylor Tavares, A.L., Jefferis, G.S., Koop, M., Hill, B.C., Hastie, T., Heit, G., et al.  (2005).
Quantitative measurements of alternating finger tapping in Parkinson's disease correlate with UPDRS
motor disability and reveal the improvement in fine motor control from medication and deep brain
stimulation. Movement Disorders, 20, 1286-1298.
Ten Brinke, W., De Jong , C., Loeven, B., Beulink, C., & Krauwer, M. (1989). The 12 provinces. [In
Dutch: De 12 provincies]. Utrecht: Teleac.
Teri, L., Gibbons, L.E., McCurry, S.M., Logsdon, R.G., Buchner, D.M., Barlow, W.E., et al. (2003).
Exercise plus behavioral management in patients with Alzheimer disease - A randomized controlled
trial. Journal of the American Medical Association, 290, 2015-2022.
Teri, L., McCurry, S.M., Buchner, D.M., Logsdon, R.G., LaCroix, A.Z., Kukull, W.A., et al. (1998).
Exercise and activity level in Alzheimer's disease: A potential treatment focus. Journal of Rehabilitation
Research and Development, 35, 411-419.
Thompson, J.C., Stopford, C.L., Snowden, J.S., & Neary, D. (2005). Qualitative neuropsychological
performance characteristics in frontotemporal dementia and Alzheimer's disease. Journal of Neurology,
Neurosurgery, and Psychiatry, 76, 920-927.
Tinetti, M.E., Speechley, M., & Ginter, S.F. (1988). Risk factors of falls among elderly persons living in
the community. The New England Journal of Medicine, 319, 1701-1707.
Tong, X.K., & Hamel, E. (1999). Regional cholinergic denervation of cortical microvessels and nitric
oxide synthase-containing neurons in Alzheimer’s disease. Neuroscience, 92, 163-175.
Tong, X.K., & Hamel, E. (2000). Basal forebrain nitric oxide synthase (NOS)-containing neurons project
to microvessels and NOS neurons in the rat neocortex: cellular basis for cortical blood flow regulation.
The European Journal of Neuroscience, 12, 2769-2780.
174
Trabucchi, M. (1999). An economic perspective on Alzheimer's disease. Journal of Geriatric Psychiatry
and Neurology, 12, 29-38.
Trudeau, S.A., Biddle, S., & Volicer, L. (2003). Enhanced ambulation and quality of life in advanced
Alzheimer's disease. Journal of the American Geriatrics Society, 51, 429-431.
Tsolaki, M., Sakka, V., Gerasimou, G., Dimacopoulos, N., Chatzizisi, O., Fountoulakis, K.N., et al.
(2001). Correlation of rCBF (SPECT), CSF tau, and cognitive function in patients with dementia of the
Alzheimer's type, other types of dementia, and control subjects. American Journal of Alzheimer’s
Disease and Other Dementias, 16, 21-31.
Tsuang, D.W., Wilson, R.K., Lopez, O.L., Luedecking-Zimmer, E.K., Leverenz, J.B., DeKosky, S.T., et
al. (2005). Genetic association between the APOE*4 allele and Lewy bodies in Alzheimer disease.
Neurology, 64, 509-513.
Tucker, H.M., Kihiko, M., Caldwell, J.N., Wright, S., Kawarabayashi, T., Price, D., et al. (2000). The
plasmin system is induced by and degrades amyloid-beta aggregates. The Journal of Neuroscience, 20,
3937-3946.
Tucker, H.M., Kihiko-Ehmann, M., & Estus, S. (2002). Urokinase-type plasminogen activator inhibits
amyloid- neurotoxicity and fibrillogenesis via plasminogen. Journal of Neuroscience Research, 70, 249-
255.
Ueda, H., Kitabayashi, Y., Narumoto, J., Nakamura, K., Kita, H., Kishikawa, Y., et al. (2002).
Relationship between clock drawing test performance and regional cerebral blood flow in Alzheimer's
disease: A single photon emission computed tomography study. Psychiatry and Clinical Neurosciences,
56, 25-29.
Ushijima, Y., Okuyama, C., Mori, S., Nakamura, T., Kubota, T., & Nishimura, T., 2002. Relationship
between cognitive function and regional cerebral blood flow in Alzheimer's disease. Nuclear Medicine
Communications, 23, 779-784.
Uusitupa, M., Sarkkinen, E., Kervinen, K., & Kesaniemi YA. (1994). Apolipoprotein E phenotype and
blood pressure. Lancet, 343, 57.
Van De Winckel, A., Feys, H., De Weerdt, W., & Dom, R. (2004). Cognitive and behavioural effects of
music-based exercises in patients with dementia. Clinical Rehabilitation, 18, 253-260.
Van Dyck, C.H. (2001). Neuroimaging in Alzheimer's disease: relevance for treatment. Current
Psychiatry Reports, 3, 13-19. 
Van Gelder, B.M., Tijhuis, M.A., Kalmijn, S., Giampaoli, S., Nissinen, A., & Kromhout, D. (2004).
Physical activity in relation to cognitive decline in elderly men: the FINE Study. Neurology, 63, 2316-
2321.
Van Heuvelen, M.J., Hochstenbach, J.B., Brouwer, W.H., De Greef, M.H., & Scherder, E. (2006).
Psychological and physical activity training for older persons: who does not attend? Gerontology, 52,
366-375.
Van Praag, H., Kempermann, G., & Gage, F.H. (1999). Running increases cell proliferation and
neurogenesis in the adult mouse dentate gyrus. Nature Neuroscience, 2, 266-270.
Van Someren, E.J., Hagebeuk, E.E., Lijzenga, C., Scheltens, P., de Rooij, S.E., Jonker, C., et al.
(1996). Circadian rest-activity rhythm disturbances in Alzheimer's disease. Biological Psychiatry, 40,
259-270.
Van Someren, E.J., Kessler, A., Mirmiran, M., & Swaab, D.F. (1997). Indirect bright light improves
circadian rest-activity rhythm disturbances in demented patients. Biological Psychiatry, 41, 955-963.
Van Someren, E.J., Lijzenga, C., Mirmiran, M., & Swaab, D.F. (1997). Long-term fitness training
improves the circadian rest-activity rhythm in healthy elderly males. Journal of Biological Rhythms, 12,
146-156.
175
References
Van Someren, E.J., Mirmiran, M., Swaab, D.F. (1993). Non-pharmacological treatment of sleep and
wake disturbances in aging and Alzheimer's disease: chronobiological perspectives. Behavioural Brain
Research, 57, 235-253.
Van Someren, E.J., Swaab. D.F., Colenda, C.C., Cohen, W., McCall, W.V., & Rosenquist, P.B. (1999).
Bright light therapy: improved sensitivity to its effects on rest-activity rhythms in Alzheimer patients by
application of nonparametric methods. Chronobiology International, 16, 505-518. 
Verberne, A.J., & Owens, N.C. (1998). Cortical modulation of the cardiovascular system. Progress in
Neurobiology, 54, 149-168.
Verhage, F. (1964). Intelligentie en leeftijd: onderzoek bij Nederlanders van twaalf tot zevenenzeventig
jaar. Assen: Van Gorcum.
Vines, B.W., Schnider, N.M., & Schlaug, G. (2006). Testing for causality with transcranial direct
current stimulation: pitch memory and the left supramarginal gyrus. Neuroreport, 17, 1047-1050.
Visser, P.J., Scheltens, P., Pelgrim, E., & Verhey, F.R. (2005).  Dutch ENA-NL-01 Study Group. Medial
temporal lobe atrophy and APOE genotype do not predict cognitive improvement upon treatment with
rivastigmine in Alzheimer's disease patients. Dementia and Geriatric Cognitive Disorders, 19, 126-133.
Voorpostel, R., & Terlouw, A-M. (2001). Keuzelijst voorlezen aan ouderen. Hoofddorp: ProBiblio.
Wahlund, L.O., Julin, P., Lannfelt, L., Lindqvist, J., & Svensson, L. (1999). Inheritance of the ApoE
epsilon4 allele increases the rate of brain atrophy in dementia patients. Dementia and Geriatric
Cognitive Disorders, 10, 262-268.
Walsh, K., Roberts, J., & Bennett, G. (1999). Mobility in old age. Gerontology, 16, 69-74.
Wang, Y.F., Tsirka, S.E., Strickland, S., Stieg, P.E., Soriano, S.G., & Lipton, S.A. (1998). Tissue
plasminogen activator (tPA) increases neuronal damage after focal cerebral ischaemia in wild-type and
tPA-deficient mice. Nature Medicine, 4, 228-231.
Warkentin, S., Ohlsson, M., Wollmer, P., Edenbrandt, L., & Minthon, L. (2004). Regional cerebral blood
flow in Alzheimer's disease: classification and analysis of heterogeneity. Dementia and Geriatric
Cognitive Disorders, 17, 207-214.
Waters, R.L., Lunsford, B.R., Perry, J., & Byrd, R. (1988). Energy speed relationship of walking:
standard tables. Journal of Orthopaedic Research, 6, 215-222.
Weber, K., Bohmeke, T., Van Der Does, R., & Taylor, S.H. (1998). Hemodynamic differences between
metoprolol and carvedilol in hypertensive patients. American Journal of Hypertension, 11, 614-617.
Wechsler, D. (1945). A standardized scale for clinical use. The Journal of Psychology, 19, 87-95.
Wechsler, D. (1987). Wechsler Memory Scale-Revised. New York: Psychological Corporation.
Weissman, D.H., & Woldorff, M.G. (2005). Hemispheric asymmetries for different components of
global/local attention occur in distinct temporo-parietal loci. Cerebral Cortex, 15, 870-876.
Weller, R.O., & Nicoll, J.A. (2003). Cerebral amyloid angiopathy: Pathogenesis and effects on the
ageing and Alzheimer brain. Neurological Research, 25, 611-616.
Wenk, G.L. (2003). Neuropathologic changes in Alzheimer's disease. The Journal of Clinical
Psychiatry, 64, 7-10.
Wenk, G.L., McGann-Gramling, K., Hauss-Wegrzyniak, B., Ronchetti, D., Maucci, R., Rosi, S., et al.
(2004). Attenuation of chronic neuroinflammation by a nitric oxide-releasing derivative of the
antioxidant ferulic acid. Journal of Neurochemistry, 89, 484-493.
Werth, E., Savaskan, E., Knoblauch, V., Gasio, P.F., Van Someren, E.J., Hock, C., et al. (2002).
Decline in long-term circadian rest-activity cycle organization in a patient with dementia. Journal of
Geriatric Psychiatry and Neurology, 15, 55-59.
176
Westerterp, K.R. (2000). Daily physical activity and ageing. Current Opinion in Clinical Nutrition and
Metabolic Care, 3, 485-488.
Weuve, J., Kang, J.H., Manson, J.E., Breteler, M.M., Ware, J.H., & Grodstein, F. (2004). Physical
activity, including walking, and cognitive function in older women. The Journal of the American
Medical Association, 292, 1454-1461.
Whelton, S.P., Chin, A., Xin, X., & He, J. (2002). Effect of aerobic exercise on blood pressure: a meta-
analysis of randomized, controlled trials. Annals of Internal Medicine, 136, 493-503.
White, A.T., Fehlauer, C.S., Hanover, R., Johnson, S.C., & Dustman, R.E. (1998). Is VO2max an
appropriate fitness indicator for older adults? Journal of Aging and Physical Activity, 6, 303-309.
White, R.P., Vallance, P., & Markus, H.S. (2000). Effect of inhibition of nitric oxide synthase on
dynamic cerebral autoregulation in humans. Clinical Science, 99, 555-560.
Wilde, N.J., Strauss, E., & Tulsky, D.S. (2004). Memory span on the Wechsler Scales. Journal of
Clinical and Experimental Neuropsychology, 26, 539-549.
Wills, P., Clare, L., Shiel, A., & Wilson, B.A. (2000). Assessing subtle memory impairments in the
everyday memory performance of brain injured people: exploring the potential of the extended
Rivermead Behavioural Memory Test. Brain Injury, 14, 693-704.
Wilson, B., Cockburn, J., & Baddeley, A. (1987). The Rivermead Behavioural Memory Test. Titchfield:
Thames Valley Test Company.
Wilson, R.S., Mendes De Leon, C.F., Barnes, L.L., Schneider, J.A., Bienias, J.L, Evans, D.A., et al.
(2002). Cognitive activity and incident AD in a population-based sample of older persons. Neurology,
59, 1910-1914.
Wimo, A., Winblad, B., Aguero-Torres, H., & Von Strauss, E. (2003). The magnitude of dementia
occurrence in the world. Alzheimer Disease and Associated Disorders, 17, 63-67.
Witte, K.K., & Clark, A.L. (2007). Why does chronic heart failure cause breathlessness and fatigue?
Progress in Cardiovascular Diseases, 49, 366-384.
Wolf, R.L., Alsop, D.C., Levy-Reis, I., Meyer, P.T., Maldjian, J.A., Gonzalez-Atavales, J., et al. (2001).
Detection of mesial temporal lobe hypoperfusion in patients with temporal spin labeled lobe epilepsy by
use of arterial perfusion MR imaging. American Journal of Neuroradiology, 22, 1334-1341.
Wolf, S.A., Kronenberg, G., Lehmann, K., Blankenship, A., Overall, R., Staufenbiel, M., et al. (2006).
Cognitive and physical activity differently modulate disease progression in the amyloid precursor
protein (APP)-23 model of Alzheimer's disease. Biological Psychiatry, 60, 1314-1323.
Wu, T., & Hallett, M. (2005). The influence of normal human ageing on automatic movements. Journal
of Physiology, 562, 605-615.
Yaffe, K., Barnes, D., Nevitt, M., Lui, L.Y., & Covinsky, K. (2001). A prospective study of physical
activity and cognitive decline in elderly women - Women who walk. Archives of Internal Medicine,
161, 1703-1708.
Yaffe, K., Fox, P., Newcomer, R., Sands, L., Lindquist, K., Dane, K., et al. (2002). Patient and
caregiver characteristics and nursing home placement in patients with dementia. Journal of the
American Medical Association, 28, 2090-2097.
Yang, Y.K., Chiu, N.T., Chen, C.C., Chen, M., Yeh, T.L., & Lee, I.H. (2003). Correlation between fine
motor activity and striatal dopamine D2 receptor density in patients with schizophrenia and healthy
controls. Psychiatry Research, 123, 191-197.
Yesavage, J.A., Brink, T.L., Rose, T.L., Lum, O., Huang, V., Adey, M., et al. (1982). Development and
validation of a geriatric depression screening scale: a preliminary report. Journal of Psychiatric
Research, 17, 37-49. 
177
References
Yoon, B.K., Kim, D.K., Kang, Y., Kim, J.W., Shin, M.H., & Na, D.L. (2003). Hormone replacement
therapy in postmenopausal women with Alzheimer's disease: a randomized, prospective study. Fertility
and Sterility, 79, 274-280.
Zarit, S.H., Todd, P.A., & Zarit, J.M. (1982). Families under stress: interventions for caregivers of
senile dementia patients. Psychotherapy, 19, 461-471.
Zhang, L., Zhou, F.M., Dani, J.A. (2004). Cholinergic drugs for Alzheimer's disease enhance in vitro
dopamine release. Molecular Pharmacology, 66, 538-544.
Zubenko, G.S., Henderson, R., Stiffler, J.S., Stabler, S., Rosen, J., & Kaplan, B.B. (1996). Association
of the APOE epsilon 4 allele with clinical subtypes of late life depression. Biological Psychiatry, 40,
1008-1016.
178
DANKWOORD, LIST OF PUBLICATIONS, 
ABOUT THE AUTHOR
180
DANKWOORD
Ten eerste heel veel dank aan Erik Scherder, mijn promotor en mentor. Wat ben jij een
superbegeleider! Normaal gesproken wil je geen complimenten horen, maar nu kan ik
helemaal losgaan! Jouw oprechtheid, hartelijkheid en tomeloze enthousiasme hebben
mij buitengewoon gemotiveerd voor het doen van onderzoek. Overleg met jou zorgt
door je geestige opmerkingen en inspirerende ‘joie de vivre’ voor veel plezierige, en
tevens leerzame momenten. Ik sluit me volledig aan bij jouw motto: ‘Aging is hot, the
rest is not’. 
Ook grote dank aan Dick Swaab. Toen ik een stuk van jou las waarin je schreef
‘Sporten doe ik graag.. het liefst kijkend, vanuit mijn luie stoel’ wist ik dat jij de aange-
wezen persoon was als tweede promotor van mijn onderzoek. Bedankt voor je kritische
blik en je humorvolle en kloeke reacties. Jouw antwoorden vestigden nieuwe records
met als klapper: binnen 3 uur op zondag!
Natuurlijk wil ik alle deelnemers aan mijn studies bedanken. Ik kan me zo voor-
stellen dat je op je 85e niet meer zit te wachten op een uitgebreid neuropsychologisch
onderzoek. Desalniettemin hebben heel veel dames en heren zeer enthousiast meege-
daan en heb ik buitengewoon genoten van hun humor en hun anecdotes. Ook ben ik
zeer gefascineerd geraakt door al de verschillende karakters die ik ben tegengekomen
en zijn er vele deelnemers die een speciaal plaatsje in mijn hart hebben veroverd!
Heel erg veel dank ook aan de activiteitenbegeleiders en vrijwilligers die zo ont-
zettend geholpen helpen met het uitvoeren van de interventies. Speciaal daarvoor dank
aan de zonnige Jacinta. Ook veel dank aan de teamleiders en verpleeghuisartsen die
voor de mogelijkheid zorgden om het onderzoek uit te voeren en mogelijk geschikte
deelnemers selecteerden. Speciaal wil ik noemen Nienke Snitjer & Kerst de Vries, met
stip op 1!
De vele studenten die mij geholpen hebben met het testen en de interventies:
enorm bedankt! Jullie hebben met optimisme, warmte & hartelijkheid en de nodige
overredingskracht de deelnemende ouderen weten te motiveren! Special thanks to
Cindy, Evelien, Bart & Tom (dank voor de autowasbeurt, maar waar blijft dat vrijge-
leide A-38?), Martijn, Michel, Inge, Gerwin, Sophie, Femke, Johanneke, Vincent ‘Heeft
U de koptelefoon nog op?’, Jonne, Caspar, Marieke, Evelyn, Roel, Joris, Özgül, Mirna,
Erica, Linda, Barbara en de Fantastic Four (Marije, Marleen, Marjoleine & Trudy). En
natuurlijk alle andere Bachelor & Master studenten die zich zo hebben ingezet voor het
onderzoek!
Eric van Rossum, ontzettend bedankt bij het helpen van het maken van de
(handbewegings)videobanden. Wat hebben we een lol gehad bij de opnames daarvan,
een appeltaart bakken zal nooit meer hetzelfde zijn.. Dank je wel Gin voor het maken
van de spiffy cover. Boskabouter Esther, bedankt voor je kordate acties. Elly Hol en
consorten, heel erg bedankt voor jullie grote inzet wat betreft het analyseren van de
ApoE bepalingen. Eus van Someren bedankt, jij laat licht schijnen op de actigrafie data.
De technische dienst, supersnel en kundig. Bedankt Tom, Marwin, en alle
anderen die menigmaal spoedreparaties hebben gedaan om mijn gecomputeriseerde
testen te fixen. Voor het programmeren dank ik in het bijzonder Paul ‘Big Popa’ Groot.
Dank aan de promotiecommissie voor hun tijd om mijn proefschrift grondig door
te nemen: prof.dr. Anke Bouma, prof.dr. Pim Cuijpers, prof.dr. Theo Mulder, prof.dr.
Marcel Olde-Rikkert, prof.dr. Philip Scheltens en prof.dr. Frans Verhey.
Mijn collega’s van de afdeling Klinische Neuropsychologie, hartelijk bedankt.
Marjolein, Joukje en Rosa, wat een gezellige get-togethers hebben we gehad. Nanda &
Christien, wat een heerlijke droge humor. Koene & Marijn, nulresultaten sexy maken is
181
een kunst. Verder ook alle andere collega’s van Klinische Neuro: Joe, Jaap, JB, Rob,
Katrien, Anneke, Michiel, Sophie, Patrick, Joost, Liselotte, Crista, Roxane, Rinske,
Tako, Maartje, Diana, Pascalle en ook dank aan de Cognitieve Posse met natuurlijk
Stefan; ik heb onze sectie-gesprekken zeer gewaardeerd.
Mijn paranimfen, Sanneke & Roos, dank voor jullie doortastende hulp en jullie
lieve vriendschap. Roos, je bent een Toppertje (en laat die Breezer ananas maar zitten,
geef ons maar een Cuarenta y tres!). San, onze Bangkok tête-à-têtes zijn onvergetelijk
en ik kan mij geen lievere buurvrouw wensen. 
Mijn geweldige vrienden, waaronder natuurlijk de 5 (inmiddels +1) & Anschluß.
Heleen, onze Slechte Film Top 5 mag weer gespekt worden. Aukje, de gezamenlijke
David Lloyd uurtjes waren zeer gezellig, maar de maaltijden daarna vormden het
ultieme hoogtepunt. Judith, ‘Girls Just Wanna Have Fun’. Verder natuurlijk ook, Liza
(van vliegenierspak tot blokhak and so on..), Carlos (CGT delight), Nico & Jeroen
(voted Best Buds Abroad) en al mijn favorite ludic friends, never a dull moment...  
Merci beaucoup à mon grand-père. Nous avons toujours des conversations très
passionnées dans une ambiance agréable. Ses histoires sont riches et ses questions
toujours très stimulantes et pertinentes. A cela s’ajoute qu’il est aussi un modèle très
photogénique avec son déambulateur!
Mijn ouders, die er altijd voor mij zijn, heel erg bedankt. Mijn moeder voor haar
lieve zorg in het Almelose en onze gezellige rendez-vous in het Amsterdamse en mijn
pipa voor zijn optimisme, zijn geestige anecdotes en zijn kritische bijschavingen van
enkele van mijn stukken (die nu gepubliceerd zijn..). 
Last but not least, thanks to the ludic playboy. Regardless of his wit and appea-
ling physique, it was for the whole ‘Why use two words when you can use one’
attitude that the curly head was smitten from day one.
Laura,
Amsterdam 2007
182
LIST OF PUBLICATIONS
Full papers
Eggermont, L.H., & Scherder, E.J. Ambulatory but sedentary. Impact on the rest-activity rhythm and
cognition in nursing home residents with dementia. The Journals of Gerontology, Series B.
Psychological Sciences and Social Sciences, pending revisions.
Eggermont, L.H., & Scherder, E.J. (2006). Physical activity and behaviour in dementia: a review of the
literature and implications for psychosocial intervention in primary care. Dementia, 5, 411-428.
Eggermont, L.H., Swaab, D.F. Luiten, P.G., & Scherder, E.J. (2006). Exercise, cognition and
Alzheimer’s disease: More is not necessarily better. Neuroscience and Biobehavioral Reviews, 30, 562-
575.
Eggermont, L.H., Van Heuvelen, M.J., Van Keeken, B.L., Hollander, A.P., & Scherder, E.J. (2006).
Walking with a rollator and the level of physical intensity. Archives of Physical Medicine and
Rehabilitation, 87, 733-736.
Scherder, E.J., Eggermont, L.H., Sergeant, J.A., & Boersma, F. (2007). Physical activity and cognition
in Alzheimer’s disease; a relationship to vascular risk factors, executive functions and gait. Reviews in
the Neurosciences, 18, 149-158.
Scherder, E.J., Eggermont, L.H., Swaab, D.F., Heuvelen, M.J., Kamsma, Y., De  Greef, M., et al.
(2007). Gait in ageing and associated dementias; its relationship with cognition. Neuroscience and
Biobehavioral Reviews, 31, 485-497. 
Koekkoek#, S., Eggermont#, L., De Sonneville, L., Jupimai, T., Wicharuk, S., Apateerapong, W., et al.
(2007). Effects of highly active antiretroviral therapy (HAART) on psychomotor performance in children
with HIV disease. Journal of Neurology, 253, 1615-1624. #Authors contributed to this work equally.
Scherder, E.J., & Eggermont, L.H. (2007). Lichamelijke activiteit bij dementie: cognitieve revalidatie?
Tijdschrift voor Neuropsychologie, 1, 2-11.
Scherder, E., Luijpen, M., Van Someren, E., Eggermont, L. & Van Dijk, K. (2003). Aandacht voor niet-
farmacologische behandelingen bij dementie. Tijdschrift voor Verpleeghuisgeneeskunde, 5, 38-41.
Chapters
Eggermont, L.H. & Scherder, E.J. Chronic exercise and brain diseases. In: P. Tomporowski, M.
Audiffren, A. Terry McMorris (eds.), Exercise and Cognitive Function. John Wiley and Son, in press.
Eggermont, L.H., Swaab, D.F. Luiten, P.G., & Scherder, E.J. (2007). Exercise, cognition and
Alzheimer’s disease: More is not necessarily better. In: B. Vellas, M. Grundman, H. Feldman, L.J Fitten,
B. Winblad, E. Giacobini (eds), Research and Practice in Alzheimer's Disease and Cognitive Decline, Vol
10. Paris: Serdi Edition.
Eggermont, L.H. & Scherder, E.J. De effecten van beweging op de cognitie van mensen met dementie.
Jaarboek Fysiotherapie & Kinesitherapie. Houten: Bohn Stafleu van Loghum, in press.
Scherder, E.J., & Eggermont, L.H. Exercise, cognition, and dementia. In: D. Stuss, Winocur, G., & I.
Robertson (eds), Cognitive Rehabilitation. Cambridge University Press, in press.
183
ABOUT THE AUTHOR
Laura Eggermont was born on June 3rd, 1979 in Leiderdorp. She received her Master’s
degree in Clinical Neuropsychology (Cum Laude) in 2002. From February 2003 until
June 2003 she conducted research at the HIV Netherlands Australia Thailand Research
Center in Bangkok, Thailand. From September 2003 until August 2007, she was a
Ph.D. student at the Department of Clinical Neuropsychology at the VU University in
Amsterdam, under supervision of prof.dr. Erik Scherder and prof.dr. Dick Swaab. She
was awarded a 1-year Rubicon grant from the Netherlands Organization for Scientific
Research (NWO) for the project 'These Brains Are Made For Walking', and currently
holds a post-doctoral research fellowship at the Boston University Alzheimer's Disease
Center. Her research focuses on movement disturbances in relation to cognitive func-
tioning in people with Mild Cognitive Impairment and Alzheimer's disease.
